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I consider it an honor, and I am also experiencing a certain amount

of pride ‘today, to act as the introductory speaker for this seminar.
1t was about November of last year that, while Chief of the_California
Department of Tran5portgtion Laboratory in Sacramento, I felt the

need for better communication between engineers, ;ontractors,
consultants and public agencies on the art of recycling asphalt
concrete. I discussed this with Harold Schmidt of the Federal

Highway Administration and we dreamed up this seminar on recycling

asphalt concrete.

Shortly after arrangements were starfed, however, I was assigned

as District Director in San Bernardino. However, frgm a review of
the agenda, it appears that the staff of TransLab and the personnel
of FHWA have done an excellent job and put together an informative

packége;

We need to explore and develop a good process for recycling asphalt
pavements. First of all, asphalt éosts haﬁe-inCreased dramafiéally
over the last.several years. In some parts of our country, we have
reached the point where the supply of nafural aggregates for
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"COnventiqnéI pavements has virtually been depleted. From these two
factors alone, I believe you will agree that there is an obvious
" ‘need to recycle our old asphalt concrete pavements, since this will

Tequire less natural aggregate and asphalt,

I fdreseé the day When.asﬁhalt pavements ére recycled and replaced
within:a single passage by‘a train of equipment that removes the
old pavgment, crushes it to size, mixes in a rejuvenating agent,
replaces.;he matérial an&'compacts the final pavement. Today, we
hgve the technology to quite satisfacterily perform four of these
 five functions. We know how to accurately remove existing pavement.
Within today's equipment trains, we can size the material, mix in

the rejuvenating agent and place the recycled pavement.

Wé nge not been succéssful in properly compﬁcting cold, recycled
-égphalt‘tbncrete. It is my.view that we need to determine some

Vmetﬁod to add sufficient heat, on the grade, within fhe equipment
“'train to ;liow the recycled paveément to ﬁe compacted to at least

91 to 92 percent relative compactioh. I believe this can be done
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with existing available equipment by innovative engineers and
contractors, and we lock to the contractors in California to join

‘this leadership.

The Stafe of Californié.for years had a program for plécing "thin

~ blankets" over existing pavements. Initially, these '"thin biankets"
wére intended to provide an improved ride and surface texture. But,
as our highway system aged and deteriorated, our Department attempted
to expand the "thin blanket" purpose to include correcti?n of modest
pavement failure. As you may have recognized, the "thin blanket"
overlays were generally unsuccessful when placed over failed

pavement,

With the development of a good pévement recycling process, we.now |
have‘a method to correct the areas of failed-pavement prior to the
piacemené of an overlay blanket; We can, therefore, place‘the
entire roadway in a relatively good state of repair and impréve'
the probability that a "thin blanket; will échieve the improfed
ride and surface texture goals, and provide the pubiic a reaéonable

service life.



On,many”fhﬁr~1ame roads, the fruck lanes are deteriorated, wheréas
tﬁe-p&s#img ITanes are in relatively good shape. .This is an ideal
situatiqn for a reéyciimg effort. The recycliﬁg_trains can skip
alpng tﬁé-trunkrfam&,.recycling those areas showing distress. This

prepares the total roadway for a wearing course of all new material.

Oﬁ:one GaItransf project, two pavement rehabilitation alternatives
were éoﬁsidered. .ﬁhe first one called for pIacement of a thick
~asphalt gopcrete-awerﬁay fﬁm all four traffic lanes and shoulders
of a seven miﬂé-strgtch @ﬁ'divi&e&.roadway; Our analysis Of_the
failed pévemenm.afeas-cancﬁu&e& that a 0.4' thickness was nécessary
over‘the.scattere& &eﬁeﬁi@r&tgdlpavement sections in fhe truck
Iane#. The second altermative was to recycle the scattered sections
of &eteriérété& truck lame pavements, totaling about four lane
mire;, a#d then cap the entire Z& Iane miles with a relatively thin
.wearing course @f’ﬁﬁltq impmwve ri&e &nd.surféce texture.__The

cost savings of the recycling alternative are obvious.

Alsc, we need to understand that, when recycling, it is imperative
 that we do more emgineering than would meramlly be expected for
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new construction. It is important_thaf we take more_samples, perform
more tests and establish more construction quality contrel than is
usually the case. Recypling will require a greater dependence on

matérials engineers and their expertise. Management must be willing

to provide trainihg; equipment and resources to meet that need.

When'recycling asphéit'paveménts% I'beliéve'itfs important that
.ﬁe.reqUifeﬁmcre thén just.é gdod looking job. While:if's possible
to get a.reasonabiygdod—looking'recycled pavement by adding an
emulsifier or a cﬁt-back paving'asphalt, I believe it's qgite
'importapt that some stéﬁs be taken to rejuvenate the 0ld, brittle
faSphalt binders from the ofigina1 construction that are to be
~included in the recycled pavements to a'condition that approximates
the gharécfefistiés‘we'desire in new, conventional pavemeﬁts. The
'asphélt_pfodﬁceré are providing specially-formulatéd recycling
.ageﬂts which should provide service life fér‘recycled pavements
which approximates new, conventional pavements. I personally
believe that those who feel they can do "just as good a job'" with
paving asphalt afe'overlooking the long-term durabiiity that we need

in our recycled pavements.



éﬁffécé recycliﬁg is concerned with the maintenance and reétoration
of fhé surface oflan existing roadway, airport, etc. When the term
éhrfécélrecycling is used, it is referring to a process which in-

volves re-working the top 3/4 to 1 inch of the existing pavement in

place and is called heater-scarification.

The pchess of removing the surface of an asphalt concrete pavement
may involve using heat to soften and break up the surface or it

may be broken up by powerful machines which do not use any heat.

Depending on the equipment and procedure used, this could be done as
a2 one phase or multi-phased constrhction procedure. The processes

using heat is heater-planing while the cold processes are referred to

as cold-milling and cold-planing, Figure 1.

What ié fhe first thing that mus£ be done to determine if a project 1is
a candidate for surface recycling? Make an evaluation of the pavement
deficienciéS‘aﬂd.déﬁagofize thé:types_of distress.
' cracking ,fafigﬁe (load associated)
refiécfioﬁ |

oxidation (Shrinkage)

Pavement RoughpeSs} l_huhps,
- shoﬁing
rutting
Low Coefﬁiéiehtfdf'Fricﬁioﬁ: | polished aggr.
| bleeding
Ré?éling-'

| Inadequate Strdcﬁural:Capabity"



Ca]tkans‘ Approach to the Design of
" Recycled Asphalt Concrete Mixtures

Presehtédrat thefAéphalt Concrete Recycling Seminars in
'Sacramento and Long Beach, Catifornia, in September 1981

- Thomas Scrimsher
Pavement Research Engineer
' Caltrans.
Sacramento, California

Intrdduction:

The desjgn'of.recyc]ed aépha]t concréfe mixtures, like the
design of any asphaltic mixture, requires the selection of
the AC thickness as well as the determination of binder
‘content and gradation to provide the strongest and most
"durable mixtures.

There are three types of recyc]wng, they are Hot - central
 p1ant Cold - in place, and Surface Recycling. Surface
éecycling‘genera11y will require somewhat less engineering
~attention than the Hot or the Cold methods. Also, because
it is confined to the top one inch of the roadway surface,
structura] section strength is genera11y not significantly
affected.
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The“theoretiCa1 strength of any recycled asphalt concrete has
‘been the subject of some debate. Generally, it is now con-
ceded that most properiy des1ghed hot recycled mixes will
have strength comparab1e 10 new aspha]t concrete. In the
case of the cold mix recyc11ng process, ihere is growing
evidence that once the material has been properly designed,
constructed and cured, it too will achieve a structural
stfength approxfmate1y<equa] to the'strength of hot asphalt
concrete although it probably will require a surface treat-
ment to resist surface faveling.

Therefore, factors 1nv01v1ng structura] section design will
not be d1scussed th1s morning. The djscuss1on will dwell

' pr1nc1pa11y on the determination of the correct type and
~amount of new binder required for hot and cold recyc]ed

‘mixes.

Type of Binder.

Because salvaged or kec]aimed mixtures will contain asphalt
that has hardened over the years, any added binder should be
a soft paving asphalt or agent that will soften the old
asphalt. The agent, when mixed with the aged asphalt, will
provide a binder for the recycled mix that is considerably
softer than the aged asphalt. This, of course, is desirable
if the recyc1ed‘pavement is tp enjoy extended 1ife with mini-
mal cracking. Recently, hydrocarbon products have been made
available that will provide this softening effect on the old
asphalt. There are a wide range of thése softeniﬁg or reju-
venating agents on the market. 'Specffiéatidns for these
products are currént]y under consideration by the Pacific
Coast Asphalt:User;Producek Group. A1thodgh'it-is true that



on]y tentat1ve spec1f1cat1ons are available today for recy-
cT1ng agents, Caltrans feels that recyc11ng agents shou]d be
used whenever appropr1ate to soften or. reJuvenate the o1d
asphalt film. The amount of soften1ng agent to use will
depend on the hardness of the old asphalt recovered from the
'pavement CIt will also be dependent on the stab111ty of the
mix with a given amount of additive, whether it be asphalt or
a recycl1ng agent. We believe the best form of recycling
agent is one that can be used as the entire new binder, f.e.
a ready mixed product that needs no additional treatment and
is added as you would a convent1ona1 binder.

Our tentat1ve approach to determine aspha]t consistency has
been to stay. w1th viscosity measurements as opposed to pene-
tration measurements We then attempt to design so that the
| final binder in the recycled mix will have a v1scos1ty be -

tween 2000 and 8000 poise or about 4000 poise for either hot

- or cold recyc11ng - Generally this can be achieved eas11y

with hot recyc11ng because the addition of virgin aggregate
‘perm1ts the addition of substantial amgunts of recycling
agent. Occas1ona11y, however, 1f the old asphalt is rela-
t1ve1y soft such. as an old road mix m1ght be, then instead.
of a h1gh V1scos1ty softening agent, a Tow viscosity paving
aspha1t,may be required to provide a viscosity greater than
2000 poise. In the case of cold recycling, the new binder
content is relativeiy low. Because the old asphalt being

- recycled is usually quite hard,'tha'Iowest.visCOSity_softén-
ing agent available today may not provide a recycled asbha]t
.wiﬁh a viscosity less thah 8000 poise. We feel a recycled
_product should contain a binder less than 8000 poise if we
are to provide a degree of durability to make recycling
worthwhile. In other words, we want to improve the durabil-
ity of the old asphalt and not simply recycle the problem



of hard brittle pavements. If such a condition occurs where-
in'the old asphalt cannot be softened below 8000 poise, then
one option would be to reﬁuire the addition of virgin aggre-
gate to permit higher new binder contents. Another option
would be not to recycle at all!

Hof Recycling
A, Sampling

‘Samples representing the pavement to be recycled are obtained
and tested to determine asphalt content, asphalt hardness,
and aggregate gradation.. The extracted aggregate gradation
will influence the selection of the virgin aggregate grada-
‘tion. " It is essential that the final recycled product have
a smooth grading curve as would be obtained for conventional

mix.

The'properties of the recovered old asphalt {removed by the
Abson recovery process) influence the grade of asphalt or
recycling agent to add to provide a softer final binder.

The material tested must be representative of the mix to be
recycled. For example, if the pavement is 1.0° thick but
only the top 0.25' is to be recycled, then a pavement core
submitted for analysis should only have the top 0.25' consid-
ered for a recycling design.

Due to possible variations in the mix of the bavement to be
recycled, a large number of samples should be obtained. More
than one recyctlted mi x design may be required if the area to
be recycled was placed under different contracts or if main-
tenance bver]ayS‘had been placed. .If more than one design is



required, separate stockpiles for each design should be pro-
vided. Generally, the differences between 0ld mixes can be
tolerated if the mixes are placed in one large stockpile
after milling and virgin aggregate is added to the recycled
mix to minimize the effect of variations.

B. Recycling Mix Formula

A firm decision on whether to provide a recycled mixture
having 100% salvaged or various amounts of salvaged and vir-
gin aggregate should be made during laboratory analysis to
provide the best design data to the field. A sudden change
in plans concerning the makeup of the recycled mix after a
design has been established will result in the delay of con-
struction until a new design is completed. Generally, hot
recycling of 100% salvaged AC is difficult due to environmen-
tal problems created by burning of the old and/or new binder.
To avoid this, the heat transfer system wherein heated virgin
aggregate transmits heat to the cold salvaged AC is being
employed and mixtures of 60% salvaged, 40% virgin or a 50/50
mix have become popular. Generally, the term heat transfer
is applied only to a batch plant which has an upper limit of
about 50:50. The drum mixer, while incorporating a system of
heat transfer, also provides hot gas to heat the salvaged AC.
Thus the formula to use is influenced by such things as
amount of AC available, environmental and economic considera-
tions, and in some cases, by the type of plant (batch or
dryer drum) available for recycling. For example, a 60/40
mix would be difficult to produce in a batch plant due to the
respective volumes involved. In the final analysis, of
course, lab tests will verify or indicate the final formula
considered workable.



i se1ect1ng the gradation of new aggregate to use, such
‘th1ngs as the desired final mix gradation and the location of
“the mix dn the structural section (surface, base or level

course) are considered. .

L. Recyﬁlﬁﬂg'AQEﬂts'

The binder added to 2 recyc]ed mix is in effect considered a
recycling agent. This recycling agent ceuld be a soft paving
_asphalt or a special softening agent that will work to soften
the old asphalt. In most cases, the softening agent is pre-
- ferred although occasiona11y, if the recovered ésphalt is
re]at1ve1y soft (road mixes or a salvaged detour recently
placed may be examp1es), or if small amounts of salvaged AC
(20/80 for example) are used, conventional pav1ng asphalts
probably should be wused. However, assumﬂng a softening agent
is selected (it is estimated this will be true in 90% of the
_case%), the agent with the lowest vﬁécosity will normally
have the highest solvating or softening effect. An example
of how a grade of recyc11ng agent is selected is presented

be ],o-w,. '

‘Auﬁﬂfﬁﬂ Re§y£1£ﬁ Mix

A) ~ Data for recovereﬂ 03d asphaﬂt ,
1) Lontent 4n mix _ 5.2%
2} Viscosity {(cP) L 1x107 (cP)

B8) Binder (viscosity AR- 20@0) demand of
virgin aggregate {by Calif. TM 303- CKE
CTest) . . 6. 0%



_..E)

Binder required for the sa}vaged asphalt

';_concrete . _
| 4R + 7S + 12F x 1 1= o 6.1%
: 100 : ‘ , . '
whefer
R = retained #8- %.
S = passing #8 retained #200 %

pass1ng #200 %

Bindeh to add for a recycled 50/50 mix -

D)
| dl)_ Salvaged = 100¢% mix‘requirement = 65.1%
' ' ‘ Asphalt present = 5,2%
Add1t1ona1 needed - = (.9%
Amount needed based on a 50/50 mix = 0.9 = : .45
| 5= _
_2). Virgin aggregate = 100% mix requirement = 6.0
Amount needed based on a 50/50 mix = 6.0 = 3.0
: o . 2
3)  Total binder to add = 3.0+0.45=3.45 = 3.5%
"4)  Total binder in mix = 3.5+(5.2) = 6.1%
A ) 5=
Total % of recycling agent in the asphalt

biend = 3.5 . : , . = 57.4%
T . N . :

Refer to the nomograph for b]end1ng the rec1a1med aspha1t and
recycling agent (F1gure 1}. 1) On the aged asphalt scale,
find the v1scos1ty of the salvaged asphalt (1x107), 2) con-

nect a family of curves (straight Tines) between this point

and tne viscosities of the recycling agents, 3) locate on
the lower seale (b} the total % of recycling agent in the
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blend (57%); 4) conéthCt'a ve%tica1 ‘line from this point and

ntersect the horizontal 11ne for the viscosity of aspha1t de-
sired (usua]ly AR~ 4000) 5) select the recyciing agent whose
viscosity: curve is- c}osest to the intersection of the AR-4000
as'the"gkade of recycTing agent to try. In the example, an
RA-500 would be selected. |

D. FinaiiRecommended Binder'COntent

Ca]tranS'usés-the‘kﬁéading compactor to obtain a compacted
test specimen comparable to what would be obtained in the
field. The cémpacted test épecimen'is tested_with the
California Stabj1bmetér. The stabilometer test provides sta-
bility values rénging from 0-100." The lower end of the scale
‘would represent a highly unstable material and the upper would
reflect a highly stable material. We feel that values of 30
or higher shouﬁd be obtained to avoid the possibility of rut-
ting or bleeding. In order to use as much asphalt as possible
(for greater durability), a series of test specimens is pre-
pared with asphalt contents higher and lower than theoretical,
.i.é.; the amount indicated by the blending nomograph {Figure
1).. The same temperatures for fabricating and test1ng as are
required  for conVentibnaT-mixturés are used. If the final
recommended binder content based on this series varies from
the theoretical amount , it is rep10tted on 'the nomograph. .
After be1ng rep]otted should the indicated binder be harder
or softer than originally planned (AR-4000), a new grade of
recyclidg'agent is selected by repeating the selection process
“and using the newly selected binder content.
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Cold Recycling
A, General

Cold recycting can be used under most traffic loadings. How-
ever, it does have a tendency to surface ravel under moderate
to heavy traffic. Therefore, Caltrans hés tentatively elect-
ed to include at Teast a 1I"™ overlay on roadways with moderate
to heavy traffic volumes when cold recycling is ptanned. In
“our opinion, surface protection for cold recycled, low volume
roads, will require only fog seals, s1urry seals, or chip
seals although this has .yet to be verified.

ATthough:occasiohale co1d“recyc1ed mixes méy be contaminated
with aggregate base during remova] for design purposes they
are considered 100% recycled.

. B. Sampling

The sampling criteria dpﬁ1ied to "Hot" recycling is also re-
quired for cold mixes. Thus represent&tive samples of the
roadway to be recyt?ed-must be obtained. However, because
this‘pavement will more than likely be processed in place, it
may be necessary to provide more than one recommendation for
‘binder content. . For examp]e,,ff extensive patching were
encountered (200-300‘f0f new mix}), this area may require a
separate mix design. If so, this area {station to Statioh)
must be precisely identified so adjustments during construc-
tion may be met. Usually it fis v1rtua11y impossible to
change the grade of recyc11ng agent for short distances.
Therefore the grade used in these areas will be the one
se]ected for the bulk of the project w1th an adjustment of
the amount to be used
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C. Recycling Agents

As with "Hot" recycled mixtures, the binder added to a pro-
~posed recycled miX-is-considefed a recycling agent, In cold
mixtures, however, the binder most generaily is also applied.
cold. This means, of course, an emulsion of some sort will
be used. Due to a lack of heat with this method of recy-
cling, the only part the old asphalt plays in the final mix-
ture is to reduce the absorption of the aggregate and to pro-
vide a generally coarser'grading (due to coating of the 100
and 200 aggregatfon fraction). Thus, the old asphalt is a
secondary factor untess it can be rejuvenated by softening.
We believe the use of recycling agents will provide this
rejuvenation. Conventional asphalt emulsions, theoretically,
will Teave only a very thin film of asphalt residue, which
méy be insufficient to satisfy the demands of the mixture in
terms of long term cohesion. 'Although it is true that the

. recycling égent is also emulsified, the residue of the agent
- will work on ‘the old asphalt and thus provide at least some
of it as binder in the new mix. Therefore, Caltrans now
favors the use of a recyciing agent for cold recycled mix-
tures although provision will be made for the use of standard
emulsions to eVa]uate their performante in the future.

To select the proper grade of recycling agent, the same nomo-
graph as for "Hot mixes" (Figure 1) is used. The grade
selected must obvious1y'be in emulsified form and the emul-
sion must be assumed to have a residue of 60%. The following
page is an example of how the grade of kecycling agent and
the amount of emulsion are determined,



A)

'3)

C)

E)

F)

Note:
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A 100% Recyclted Mix

Data from recovered old asphalt

1) Content in mix = 5,.2%
2) Viscosity (cP) = 1x107 (cP)
Binder required for the salvaged asphalt
mix = o

4R + 75 + 12F x 1.1 = 6.1%

100 '

ﬁheré

R = retained #8%

S = passing #8 retained #200%

F = passing #200%
Binder to add (emulsion residue):

Binder required = 6.1%

Asphalt present = 5,2

Additional needed = 0.9%
Total residual binder in mix = 6.1%
Total % of recycling agent in the
asphalt blend = 0.9. : 14,8%

6.1

Recyciing agent to use would be théoretica?]y Tess than
an emulsified RA-5. Therefore, unless it is economi-
cally possible to add virgin aggregate to this mix, it
should not be considered for recycling unless a softer
fecycling agent can be provided.

Total emulsion to add=Residue %= .9 = 1.5%
: .60 .60




b Final Recommended Binder Content

Again, using thh_Ca1if0rnia kneadihg'compactor and stabilom-
etér, test spec%mens are prepared with the selected softening
agént in various increments as discussed earlier. The femper-
ature for compacting and testing is 140°F. Studies made of
cold mixes indicate that this temperature (tentatively adopt-
ed by Caltrans) will provide laboratory test specimens only
slightly densér than actual field compaction. The amount of
liquid required to achieve maximum compaction in the field
with a given compactive effort should not vary.considerab]y
if each mix consists of all salvaged AC. This is due to the
relatively nonabsorptive qualities of the salvaged AC due to
the coating of old asphalt on the aggregate and the gradation
uniformity provided by milling or crushing. However, if base
contamination»opcurs, variations in total liquid content in
the field may be mandatory. This is very important from the
standpoint of the final design recommendation. Such things
as surface flushing or bleeding and stability are a function
of density. Therefore, the stable mix with no flushing
recommended by the lab presumes a field density less than
that obtained in the laboratory equal. After the final rec-
ommendation for binder content is made, the.amount is again
checked through the viscosity nomograph. The criteria used
for recycling agent grade adjustment is the same as that used
for "Hot" mixtdres. In any situation where the stability re-
guirement is not satisfied, the grade must be changed and the
material retested with various amounts until an acceptable
design can be attained.
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Summary

There is no question that as we continue to recycte, the
design criteria will be modified and adjusted, however, we
now seem to be enjoying a fair amount of success.

Our work to date has been rewarding from the standpoint of
cost, conservation and service, and we intend to increase our
recycling activity into a routine rehabilitation program,
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Spec:flcatlons and Quallty Control for

Hot-Mix Recycllng in Mlnnesota

This paper discusses the work done by the Minnesota Departmént of
Transportation in the last several years to develop specifications
designed specifically for the maximum use of salvageable materials
in the rehabilitation of pavements. It describes the steps leading
to recent specifications for hot-mix recycling, the beneflts
derived, and the anticipated future of such projects. It also

lists the problems involved with these specifications because of

the general lack of historical information on projects involving
.recycling and/or rehabilitation. This report also presents infor-
mation on Mn/DOT's sulfur extended asphalt projects including a
sulfur extended asphalt—recycled project. Other areas touched on
are; removal, processing, storage and ownership of salvaged mater-
ials; dlfferent types of specifications; how to write new specifica-
tions; and the development of new specifications. The report con-
tends that the design of a specification is so crucial that the very
1life of the concept {in this case; recycling and/or rehabilitation)
may depend on 'it. One of the final conclusions is that the proper
specification can lead to substantial savings. An example is
‘offered where a sav1ngs of about 35% was experienced because a
contractor .was glven the optlon of two specifications.

It is ‘in the publlc 1nterest for engineers, material suppliers and
‘contractors to conserve resources such as aggregates and asphalt _
cement so that maximum use may be attained from the available supply.
A large source of this supply has been processed and placed in our
present pavement structures. Their usefulness as a pavement structure
has deteriorated to the point that vehicle operating costs and pave-
ment maintenance costs have increased so that the pavement is no
longer efficiently serving its intended purpose. Sound conservation
“practices demand that we design specifications to dllow the maximum
use of these salvageable materials to rehabilitate our pavements as

- long as their use is compatible with engineering and economic consid-

. erations. This paper will discuss some of the experiences in Minnesota

to maximize the benefits of recycling sdlvageable materials. Most of
our experience has been with hot-mix recycling. The desxgn of recycling
and rehabilitation specifications is crucial to whether or not the
recycling .of salvageable materials will be economical or even be
accomplished at all, Our experience has shown that good specifica-
tions result when the interests of the user agency and the contract-

ing industry are integrated and harmonized to produce maximum

benefits. : '



HOT~MIX RECYCLINC IN MINNESOTA (PRODUCTION & PREDICTION BY YEAR)

Actual Predicted (1977)

1976 20,000 .
1977 "\ - 50,000 o
1978 300,000 - 250,000
‘1979 . 60,000 450,000
1980- 150,000 600,000
1981 2/81: . 600,000 (Est.) 900,000
4/81: 1,500,000 (Est.)
0 o8/8l: . . 2,800,000 (Est.)
" 1982 S ; IR 1,350,000

In 1977, we predicted the tonnage of recycled hot-mix that would be
produced from 1978 through 1982. As ¥ou can see from the chart the
growth in recycling has been erratic. The estimate for this year
is based on ‘all state and FAS projects with plant-mixed bituminous
mixtures that will be recycled mixtures. .

The 1981 estimate does not include other public and private work.

One of our rural Minnesota contractors estimates that of the 400,000

tons of hot-mix they have under contract 75% or .300,000 tons will be

recycled mix. We feel that the adoption of the permissible recycling
specifications on-all state projects is responsible for the increase

©in hot-mix recycling in Minnesota.

Expérienée:with-ﬂot;Mix Recycling

Maplewood-Urban . _ :
1976 20,000 Tons 50-50; 40-60 Blends Batch Plant

Minnesota's first hot-mix recycling project was constructed in .
Maplewood, Minnesota, in.1976.'l(l,_g,'§) This- is the project that
gave birth to the heat_transfer_COncept.of_hot mix recycling. The
existing aggregate base and asphalt pavement were processed into
recycled base and bindér courses. The major specification modifica-
tions were to process the salvaged asphalt material to a size smaller
- than 1% inches, a provision that the salvaged asphalt mixture would




not have to go through the dryer, and the temperature of the cleah
aggregate in the dryer could exceed the standard specification
maximum. We learned that with the addition of 120-150 penetration
‘virgin asphalt cement the penetration of the recovered asphalt
cement from the recycled mixtures (new and old) was approximately
equal to the penetration obtained by the thin film oven test of

. the virgin asphalt cement. We also found, in this case, that it
was not cost effective . to haul salvaged aggregate base material
 long distances back to the hot-mix plant site due to the’ low cost

. of new aggregate material. We were extremely pleased at the minimal
cost for modification,; the guality of the recycled mixture and the

ease of laydown and compaction operations,

Férgus-Fal;s—Rural ‘ L
1977 - 50,000 Tons '50-50; 60-40 Blends Drum

The following year, 1977, we reconstructed asphalt shoulders on
Interstate 094 near Fergus Falls. (2, 4, 5) This was our first

rural project and our first dryer drum recycling project accom-
plished using the heat  transfer concept. The salvaged asphalt
material was fed into discharge end of the drum with a slat con-

veyor. We recycled a blend of salvaged asphalt and salvaged aggregate
material from 50-50 to 60-40 without excessive opacity at an acceptable
production rate of 300 tons per hour. Although we were able to re- '
cycle the salvageable materials in the dryer drum, a continuous mix
pug mill was placed between the drum discharge and the storage tower

in case.the drum concept did not work. As the penetration of the

0ld asphalt shoulder was very low (avg. 20) we experimented with

adding 200-300 penetration asphalt cement. in lieu of the 120-150
penetration asphalt cement we .normally use. Even then, we had lower
penetration on the extracted asphalt of the recycled mixture than we
had anticipated. . We believe the lower penetration possibly was due

to the recycled material passing through the continuous mix pug mill.
We were satisfied with the mixture quality and pleased that the heat
transfer concept was successful in a dryer drum plant.

Litchfield o o
1978 lD0,000‘Ton 60-40 Blend Drum

In 1978, we recycled the old bituminous pavement and shoulders on a
large rural project between Litchfield and Atwater, on T.H. 12 {2, 6).
On this project we did not specify the size of salvaged asphalt -
materials entering the drum mix plant. We did specify that the
recycled mixture must pass the 2" sieve or one half of the course
thickness when deposited into the truck at the plant site. All
salvaged asphalt material was processed by dozers running over the
stockpile and the use of scalping screens. The contractor would not



use this method again due to the cost involved. The recycled mix-
ture was produced at a 60-40 blend of salvaged bituminous material
to virgin aggregate at an average production rate of over 450 tons
per hour. The salvaged asphalt material entered the drum at the
mid-point (center feed). All existing aggregate base was left in
place in the roadbed. Base, binder and shoulder wearing courses
were constructed with salvaged asphalt material and new virgin
aggregate. o ' ' -

Additional Projects 1978 . ' -
200,000 Tons 60-40; 50-50; 25-75 Blends

- The above project was only one of several hot-mix recycling projects
in Minneseta in 1978. We were encouraged by the variety of these
projects, two state projects, two city projects, and two airport

. projects. We thought we were on our way with recycling in Minnesota.
- What we didn't realize was the amount of effort we were spending
lining up specific projects for recycling. We also were unaware

that recycling would fall off considerably in 1979.

Projects 1979 60,000 Tons

1979 was a disappointment for hot-mix recycling in Minnesota. We
had very limited tonnage. We were using a permissible specification
for recycling on several projects, however , no contractors were
producing recycled mixtures on these projects. Because of this, we
modified our specifications to pay for the old asphalt in the re-
‘cycled. mixture. . ‘ . l : '

Projects 1980 150,000 Tons :
30-70; 40-60; 50-50; 60-40; 70-30 Blends

This year, 1980, Specification 2332 (7) permissible hot-mix recycling
produced recycled mix on-several projects, We have a large airport
runway project, an interstate project, and two trunk highway projects.
We have turned the corner in hot-mix recycling. Every contractor has
the incentive to look at every project and weigh the costs and
benefits of recycling vs. concentional mixtures. This specification
is a part of all Mn/DOT projects (8. No longer do we have to
specify hot-mix recycling for specific projects. The contractor
decides when and how to recycle and bids accordingly. We recently
let a project which included the revised permissible hot-mix re-
cycling specification. The contractors bid for the recycled hot-mix
portion of the project ircluding mobilization was $547,163.03 compared
to the engineers estimate based on cenventional c¢construction, of

. $837,970.85 for the same items. This represents a savings of approxi-

mately 35%. The first two bidders bid $65.00 and $66.00 per ton for
asphalt cement compared to the engineer's estimate of $163.50/ton.
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: Experienceﬂwithfsulphur Extended Asphait and’salPhUI_Extended
ASPhalt%Reéycled-_ - ¥

1879 was a year we forgot about hot-mix recycling. We experimented
with two sulphur extended asphalt projects {9). One was a rural
Project incorporating approximately 44% sulphur to 56% asphalt
cement by weight as binder. Gulf Canada provided the blending
equipment and expertise. . We were Pleased with the results. The
other project was a sulphur extended asphalt recycled, with
salvaged asphalt material as a component as the paving mixture along
with sulphur and new asphalt cement. Sulphur Development ‘Institute
of Canada provided the blending equipment and expertise. This '
project assured us that we could combine sulphur with recycled
salvaged asphalt material without any problems.

Salﬁaged Materials

. Source of Salvaged Maﬁerial for Reuse

- Where does the material come from to produce recycled pavements?
Unless a contractor owns an aggregate supply or some other structure
containing reclaimable materials, his source of reclaimed material
must be provided by private industry or public agencies. A point

to keep in mind is that it is not important where materials are
obtained for producing paving mixtures. The quality and gradation
of these materials is important as this will determine how they .
will perform in the pavement structure, Urban projects will differ
from rural projects (10). Most of these materials will be ‘derived
from existing pavement structures. On large rural projects, the
characteristics of these materials can be determined prior to
design and construction and will in most cases, be salvaged and
recycled into the new pavement structure. On urban projects, due

to their relatively small size, the materials removed from the
project cannot easily be recycled and returned to the same project.
Therefore, on urban projects, the quality of the material will be
.determined from the pPreviously stockpiled material from many and
varied sources. ‘However, keep in mind that the characteristics of
-the materials incorporated into the paving mixture are the important
aspects to be concerned about.

"Storage‘and Owneréhip of Salvaged Material

- The entity responsible for producing the ‘recycled mixture should be
responsible for the removal, processing and recycling of these
materials. For example, some user agencies  have specified removal
and stockpiling of asphalt pavement structure as a part of a separate
grading contract. One of the basic problems in doing this is the
lack of interest in retaining the inherent quality of the pavement
removed and stockpiled. Experience has shown that deleterious and
objectionable material have contaminated the stockpile thereby insur-
ing'an'inferior_recycled mixture with a large potential for Premature:
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failure of the recycled pavement structure. It also has allowad
time for moisture contents to build up in the stockpile thus re-
quiring fuel for drying, making pollution control more difficult,
and reducing the rate of plant production of recycled mixtures.
This adds unnecessary expense to the user. A simple way to
eliminate this unnecessary expense is to make the. removal, pProcess-—
ing_and stockpiling of salvaged material the responsibility Of the
persons producing the recycled mixture. Contractors who have this
responsibility have the incentive to carefully remove, process, and
stockpile these materials and keep costs to a minimum. This year
contractors in Minnesota cover or construct their salvaged asphalt
material stockpiles to prevent or reduce moisture buildup. With
the price of liquid fuel near $1.00/gallon each 5% of moisture per
ton of mixture will require $1.00 per ton to remove the moisture.
Many unprotected stockpiles. have moisture contents ranging from
5-15%. The user agency should not retain the ownership of salvaged
materials unless they are willing .to protect its quality. Ownership
should .go to the person controlling the end use of the material.

Pay for Removal of Salvageeble Material

The user agency should pay for the removal of materials on a project.
These materials will then become the property of the contractor to
dispose of as he sees fit., This is what we have been doing with
materials removed from all our projects- in the past. The only dif-
ference was that most of these materials were being hauled to a land-
£ill for disposal or disposed of within the right of way and not used
1n the pavement structure.

Establish Value for Salvaged Material

The user agency should allow the contractor to. 1ncorporate these
potentially valuable materials into recycled mixtures for payment
equal to conventional mlxtures. In other words, these salvaged
materials would continue to be hauled to landfills unless we were
willing to use and pay for the recycled mlxtures that could be
produced from these materlals.-

By allowing the use and: payment‘for salvageable materials in lieu
. of conventional materials, the user has established wvalue for

- salvageable material. Unless this is done, salvageable materials
will either be hauled to a landfill or as some enterprising
contractors are doing, they will be incorporated into recycled
asphalt mixtures for the prlvate market sector.

Salvaged materlal has no value until the user ls W1111ng to accept
it as part of a recycled pavement.' : .




Developmenr of Permissible Hot-Mix Recyecling Specifications

The first step in developing specifications for recycling were the
spec1a1 prov151ons used for the Maplewood project. We used the’
- maximum size requirements from other recycling projects. We
designated the thickness of aggregate base to be salvaged. The
gradation of the salvaged aggregate was required to be reasonably
uniform from fine to coarse with 100% passing the 1%" sieve. The
gradation of the processed salvaged bituminous material was regquired
“to have a reasonably uniform gradation from fine to coarse with
100% of the material passing the 1%" sieve.

The salvaged materials were measured and paid for by the ton. They
were to be placed in separate stockpiles. We also allowed up to 20%
'salvaged aggregate to be 1ncorporated into the salvaged b1tum1nous
to fac111tate crushlng or proceSS1ng.

The standard plant mixed bltumlnous pavement specifications were
_modlfled as follows.

1. The contractor was- required to submit an acceptable proposal
- for preventing or eliminating excess air pollutants.

2. A means for adding the salvaged bituminous material to the
heated aggregate after the aggregate has left the dryer.
Also positive control on proportlonlng the salvaged materlal
into the m1xture.

3. When. addlng salvaged bltumlnous mixture for the bltumlnous
base and binder courses it may not be necessary to run the
salvaged bituminous material through the dryer.

4. We gave the approximate mixture proportions which ranged from
20-40%, for salvaged bituminous and 60-80% for the salvaged
aggregate. . .

"~ 5. Aggregate leaving the dryer could be heated in excess of
325 degrees F.

_6;-'Costs for equ1pment:modificati0n at a lump sum bid not to
exceed $15,000. Also required was the itemized cost for
modification. : ‘ -

7. ;Payment similar to conventional mixtures except there was no
payment for old asphalt cement in the salvaged bituminous
material. '

Our first change to the above special provisions océurred in 1978
- when we deleted the 1%" maximum size in the salvaged bituminous
material. The maximum size requirement applied to the recycled
mixture after being processed through the hot-mix plant and
deposited into the transport vehicle.
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Up to this point in time almost all our projects had been specifi-
cally designed for recycling. If recycling was ever going to
reach its potential, we had to provide a permissible specification
- for allowing recycled mixtures in lieu of conventional mixtures on
all projects. We also were spending too much engineering time
setting up projects for recycling without really knowing for sure,
in some cases, whether recycling was cost effective. '

Therefore, in 1978, we began the development of a permissible hot
mix recycling specification #0o allow the contractor to use recycled
mix in lieu of conventional mix. As a part of this specification,
we made several significant changes. The most important change was
to establish mix design criteria for recycled mixtures which are
.discussed later in the actual specification, 2332.

Another change was establishing a job-mix formula if virgin aggre-
gate was .used in recycled.wearing course mixtures. The requirements
are the same as those required for conventional wearing course mix-
ture. The job-mix formula applies only to the virgin aggregate
portion of the recycled wearing course mixtures. The virgin aggre-
gate portions of recycled base and binder courses must meet the
broad gradation bands similar to conventional base and binder

course mixtures. We do not design mixes for conventional base
and binder mixtures.. :

This specification was included in many projects to be let in 1979.
However, contractors were not using the specification, therefore, the
volume of hot-mix recycling did not meet our growth expectations.
It did not take long to realize that the way our pay items are set
up in Minnesota, if we were to continue not paying for the old
asphalt cement in our recycled mixtures there would be little,

if any, recycling.

This led to our most important and controversial change in our
specifications, paying for the 0ld ‘asphalt in the salvaged bituminous
material. Several engineers in Mn/DOT did not agree with the
philosophy of paying for asphalt cement we dlready owned. However ,
the free market mechanism compensates for this in the competition
bidding process. - : C R

An explanation of why it is necessary to pay for ola asphalt cement
is best accomplished by the following example: :

Assume a project requires:

Asphalt Cement 1,000 tonat $200-/ton - $200,000

Bituminous Mixture . 20,000 tonat $10-/ton " $200,000
- : .+ 7" Total Bid . '$400,000

Assume s%lvageabie asphalt pavement is available for a 50-50 blend
recycled mixture with an asphalt content equal to that of a new
conventional bituminous mixture. The recycled mixture would require
only half of the asphalt cement required for conventional mixture.




Therefore, if the contractor decided to reéycle;'his payment for

the recycled product would be as follows:.

Asphalt Cement 500 tons '@ $200-/ton ' $100,000
Bituminous Mixture 20,000 tons @ .$10-/ton $200,000
- ' Total Payment $300,000

Now, no contractor in his right mind would bid the job for $400,000
and then decide to recycle and obtain only $300,000 payment for his
work. He would furnish us with conventional asphalt pavement and
salvage the old pavement and recycle it for someone else who was
willing to pay him conventional mixture price for the recycled

" mixture. T ' ' S '

We solved this problem by paying for the new asphalt and the old
asphalt in the final recycled mixture.. This allows all bidders to
establish a value for salvageable pavement materials he intends to
incorporate into recycled mixture on the project. The contractor
will reduce his price for asphalt cement or for the type or course
of mixture in his bid proposal to reflect this value.

This has been the key to establishing hot-mix recycling in Minnesota
as a standard operating procedure. 1In 13979, we had one supplémental
agreement where a contractor used the new specifications. 1In 1980,
~the permissible specifications were being used on all projects (7, 12).

Selection of Alternative Regyclind‘and Rehabilitation Prbcedures

‘When writing specifications for recycling and rehabilitation proce-
dures, keep in mind who is best able to make the decisions that

" will maximize.the benefits. of recycling and rehabilitation procedures.
‘The designer and the staff specialists such as the bituminous engineer,
materials engineers, research engineers, planners,etc., have a very
important role to play in determining the present condition of the
pavement ‘and what the pavement will be expected to provide in the
future. A very important factor today is the lack of funds to most
cost effectively provide an acceptable transportation system. Fund-
ing levels will have a heavy impact on the best available solutions
which will provide the most appropriate level of service to the
public. - Another problem facing us is the lack of a defensible ser-
vice life of various rehabilitation procedures. 1In absence of long
term evaluation for durability a best estimate of service life must
be determined. ' This is best accomplished by a team of experts. From
this best estimate future modification to the estimate will be forth-
~coming as time and testing provide more precise answers to service
life. We are beginning the process of establishing service lives for
recycling and rehabilitation procedures in Minnesota. The Federal
Highway Administration is also establishing a data bank on recycling
projects. This should help guide us in the future.



Method vs. End Result Specifications

There are basically two types of specifications. Method specifica-
tions, which specify exactly how to do the work, what equipment to
use, how to use it, and to some extent, what the end result should
be. End result: spe01flcat10nsleaves it up to the contractor to
provide the end result without instructing him how to prodice the
end result.

The most practical specification is a combination of method and end
result specifications that combines the expertise of the user agency,
contractors, material suppliers and equipment manufacturers to pro-
duce a good end product almost all of the time at a reasonable cost.

Energy
The engineer need not concern himself with the energy saved or
consumed for any design alternative provided the cost of energy

is reflected by free market condition and so long as the specifi-
cations permit realistic alternatives to the bidders.

Development of Specifications

As you can see, the thrust in Minnesota is to develop permissible
recycling specifications along with alternative rehabilitation
procedures which will allow the contractors as much latitude as
possible. However, this cannot be accomplished unless we find a
way to make recycling a standard operating procedure. Each user
agency must develop their own standard specifications for hot,
cold and surface recycling. In most cases, the state user agency
shotuld be the leader in establishing these specifications.

The question then becomes, how do we transition from our past
practice of almost exclusively building pavements out of new
materials to one of utilizing salvaged or reclaimed materials for
reconstructing or maintaining our pavements. This is a new and
challenging field. More challenging than new design and construc-
tion because we have to find new ways of evaluating recycling
methods and materials and predicting their future performance.

If you thought performance of our old designs were difficult to
determine, recycling procedures are infinitely more difficult to
predict. However, we have no choice. We have to make intelligent
decisions based on past experiences until more definite data is
avallable for modifying our initial performance predictions. The
initial answer will be to look at the properties of these salvaged
materials in comparison to the materials used in the past. This
is what we have done with hot-mix recycling. This is what we are
doing with sulfur-extended asphalt mixtures (11). As with any new
product ‘or procedure, we measure its properties and performance in
relation to what we have done in the past.
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We cannot wait another 15-20 years to determine the actual service
" lives of recycling and rehabilitation 'procedures.- By waiting,
millions of tons of potentially reclaimable material will be wasted
and forever lost at a tremendous cost to the public. Also keep in
mind that recycled pavements can have an added bconus of costing
less than our conventional pavements. Another important benefit

is less demand for new aggregates and asphalt cement, both non-
renewable resources. Another important benefit is that landfills
in our urban areas will take longer to fill and reduce the demand

- for new landfill sites further and further from the source of waste
material thus reducing the cost of transportation.

"Bach area of the country must start with the specifications they
are now using and begin to modify them by comparison with the prac-
tices of a number of experienced agencies as expressed in their
specifications. There are many specifications to study and evaluate

" when writing your own specifications. Your specialists responsible

for writing your specifications know your area of the country and are
best equipped to modify or create specifications that will fit your
area. In addition, you should involve the contracting industry to
assist and help you write specifications that will allow the free
market mechanism to work. There should be as many alternatives as
possible to allow maximum competition which will produce the desired
product at the least cost. i

Rehabilitation of a deteriorated pavement should not be undertaken
until a complete and thorough investigation has definitely estab-
lished the cause of the failure. Next the most feasible and
economical measures to correct the deficiencies must be determined,
Alternative designs for rehabilitation should take into account the
potential salvageable pavement materials that could be used.

The plans, specifications and special provisions should provide
this information. The contractors bidding the job have the
knowledge of what materials are available and all optional designs.
With this information, he can use his expertise and know-how to
determine how these materials can be processed most economically
to provide the desired end result.
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ﬁECYCLED PLANT MIXED BITUMINOUS PAVEMENT

SPECIFICATION 2332

Background.

The specifications for Recycled Plant Mixed Bituminous Pavement

are based on (Minnesota Department of Transportation Standard
Specifications for Highway Construction, 1978 Edition) specifi-
cation 2331, Plant Mixed Bituminous Pavement. Specification 2332,
Recycled Plant Mixed BRituminous Pavement,allows the contractor

to substitute recycled mixtures in lieu of conventional specifica-
tion 2331, Plant Mixed Bituminous Pavement, provided, the provisions
of 2332 are met.  We have chosen this method to produce an accept-
able pavement at the lowest possible cost. It allows the contractor
to choose materials for producing the pavement mixture based on the
cost of materials at the time of production. The blend or proper-
ties of salvaged asphalt materials to virgin aggregate is selected
by the contractor provided the recycled mixture meets the specifica-
tion requirements. - Pay items for the materials incorporated into
the work are the same for each course or type of mixture. The
contractor. could produce conventional or recycled asphalt pavements
on the same project provided that.compliance with each of the
specifications are met.

Summary of Specification 2332
Recycled Plant Mixed Bituminous Pavement

2332.1 Description.

This work shall consist of constructing one or more pave-
ment courses of hot plant-mixed bituminous mixture on a
prepared grade or subgrade using a combination of virgin
and/or salvaged material.

2332.2 Materials.
; Aggregate.

Salvaged aggregate materials to meet Specification 3139
for composition (3139.2A), running averagde passing No. 10
+ 8(3139.2B), L.A. loss (3139.2D) less than 40%, Spall
Materials (3139.2E) to meet BA-2 for all courses except
BA-3 for base ctourses. Gradation - coarse to fine, 100%-
passing 1%" sieve. No gradation limits reguired.

- 12 - ‘ o .



2332.3

'Virgin eggregate material to meet 3139, 'Sampliﬁg and

testing of virgin and salvaged aggregate to meet 3139.3.

'Salvaged Bituminous Materlal processed to prOV1de uniform
gradation from coarse to fine.

Processing of all materials incorporated into our re-
cycled mixture to assure that the final recycled mlxture(s)
as loaded 1nto transport vehicles at the plant shall be:

100% passing 2" sieve, or -

100% pa551ng lift thickness lelded by two, which-
ever 1is less.

For 1" courses: 1002 passing the 3/4" sieve.
Bituminous mixture containing road tar not permitted.
Salvaged bituminous pavement and salvaged aggregate
shall be free of objectionable matter and materials.
Bituminous Materials.

SC Liguid Asphalt SC-3000
- Asphalt Cement | 85/100, 120/150, or 200/300 Pen.

The Engineer may approve or fequire the addition of mixing

. or coating aids or softening agents.

Construction Requirements.

Equipment. _

Procéssing of all materials through. the dryer will not be
required.

Mixture Proportions.

The Contractor shall maintain the amount of new AC added
within +0.3% of the amount specified by the Bituminous
Engineer.

At least 15 days prior to the productlon of recycled
mixtures, the Contractor shall submit the following

- to0 the Bituminous Engineer:

1. Representative samples of each material (300 lbs.
each).

2. Production results'for each'material:

Gradation of virgin aggregate.
Extraction results for salvaged bituminous materlal.

3. Proposed proportions or blend of materials.
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Using the above‘inEOrmation, trial mix tests will be )
run to determine percent of new asphalt cement to
be added. ‘ o o
Triai Mix Criteria: _
Marshall Stability:  500-3000 lbs.
Voids in Mix: Non-wear 4-8% o

Wear 4-6%
Cold Water Abrasion Loss: Non-Wear 15% Max.
- Wedr 10% Max.

After the Trial Mix Testing has been completed, the
Bituminous Engineer's recommendation will establish
the amount of new asphalt.required and the material
pProportions. The percentage of added asphalt and

the proportions of the other materials used in making
that determination shall remain in effect until modi-
- fied in writing..’ : : ' o :

' No recycled bituminous mixture shall be produced until

the amount of new asphalt added and material proportions
have bgen established by the Bituminous Engineer.
_Percent of salvaged bitumincus material in iecycled

mixture not to exceed 70% by weight.

The Job Mix Formula fot wearing course mixtures establishes
a single percentage point for virgin aggregate passing each
sieve. The tolerance for the single percentage point on
each sieve is: : -

Virgin aggregate passing #10 & largex sieves....iB%
Virgin aggfegate'passing #40 Sleve... i enovenn. +7%
Virgin aggregate passing #200 sieve.......... ev. 3%

A new Job-Mix fdrmula,is‘require& for change in scurce (s)
of aggregate (s) or change in proportions of materials.

Bituminous Mixﬁﬁre, : ‘ - _
COntrol_and acceptance of asphalt content in final accepted
recycled mix'ture: ‘ - -

The Contractor:is responsibie for qualify control of the
proportions required during recycled mixture production.

~ 14 'f’.



2332.4

- 2332.5 .

Asphalt content of the flnal recycled mixture ls deter-
mined for each mixture by the State.

Samples will be taken from the uncompacted mat in each
l1ift, directly behind paver, for each course of production.

Sampling rate: 1/750 tons, Min. 3. per Course.
Samples will be taken from randomly selected locations.
‘Extraction test to determine asphalt content will be

by Colorado Vacuum Extraction apparatus using pro-
cedure AASHTO T-164-76 Method E (ASTM D.2172-67}.

. Averade of asphalt content, without retention factor,
for each course will determine payment for asphalt
cement (new and old} under item 2331.504 Bituminous
Material for Mixture,

Plant Operations, , . .
Different materials will bé kept in separate stockpiles
and placed into the mix without segregation.

The aggregate in the dryer may exceed_325 degrees F.

Method of Measurement.

A. Bituminous Mixture

Recycled bituminous mixture of each type will be
‘measured separately by weight based on the weights
of loads hauled from the mixing plant, with no
~ deductions made for the bituminous materials incor-
porated therein.

B. Bituminous Material (Asphalt Cement)

The total amount of bituminous material (asphalt
cement, new and old) in the final recycled mixture
will be measured by welght (extraction) 1n all
recycled mixtures.

Basis of Payment

Payment will be made for accepted guantities of recycled

 bituminous mixture used in each course at the contract
. price per ton for bituminous mixture. :

Payment will be made for new bituminous material and the
014 residual bituminous material incorporated in each
recycled mixture at the contract price per ton for
Bituminous Material for Mixture (Asphalt Cement).

- 15 -



This shall be compensation in full for all costs of

constructing the recycled bituminous surfacing as

specified,

. Payment for the recycled plant-mixed bituminous surface

(Specification 2332) will be m

ade with the same schedule

as conventional mixture (Specification 2331) items:

Item No.
331,504
2331.508
2331.510

2331.512
2331.514
- 2331.516
- 2331.518
2331.53)
2331.549

'Item : Unit

Bituminous Material for Mixture€..........Ton

Wearing Course Mixture,...e.eeeevnveen...Ton
‘Binder‘Course‘Mixture..;.,..,........,...Ton
Leveling Course MiXxture.......e.ve.e......Pon
-Base'Course-Mixtﬁre,Q.,;.;_g....;.; ..... .Ton

Shoulder Mixtu:e.,..,;,..,,;..i..........TOn
Bituminous Mixture for Specified Pu:pose.Ton
Tempbrary LanEuMérking,.,.,,....Road Station
Bituminous Mixture Production... ....... +.Ton

NOTE: If either mineral filler or hydrated lime is to be
required in any bituminous mixture Item, the Item

Name must be expandéd by adding the words:

{with

Filler) or (with Lime).

,ﬁ_15;;;.”



EDUCATION AND TRAINING

Information on recycling needs to be communicated to.the persons
designing,controlling and constructing streets and highways.

The latest technical information on the state of the art of re-
cycling has been provided to consulting firms, the contracting
industry and public agencies through annual seminars such as
Bituminous Conference, American Public Works Association Workshops,
Bituminous Superintendents Workshops and District Seminars on
Evaluation, Design and Construction.

St. Paul Technical Vocation Institute in cooperation with the
Minnesota Department of Transportation and the Minnesota Asphalt
. Pavement Association offers a Construction Technician Training
Program. - Courses are designed to give individuals engaged in
highway construction and materials testing the latest technical
information and the fundamental principles involved in the design,
construction, and quality control procedures., Courses have been
given in each of the construction districts for indiwviduals
~working for public agencies, consulting engineers and contractors.

Richard O. Wolters, P.E., Mn/DOT Bituminous Engineer, was the
instructor for Bituminous Technology I and II, 36 hours for each
course or 72 total hours. Bituminous Technology 1 covers
bituminous materials and mixtures including properties of asphalt,
mix design parameters and construction specifications, plants,
recycling, placement and control procedures. Bituminous Technology
II is a laboratory course involving hands-on-work testing of
‘bituminous materials and mixtures. Individuals taking these
courses have been evenly divided between contractor personnel and
technicians from consultants, city, and county and state agencies.

The Minnesota Local Road Research Board is spdnsoring‘a gslide tape
presentation on Recycling under Investigation 645 "Implementation
of Research Findings". This should be completed in 1982.

QUALITY CONTROL

Quality of a recycled mixture depends on the salvageable materials
available and how the contractor combines the salvageable and new
materials to produce a recycled mixture. Our recycling specifica-
tion gives the contractor the responsibility to produce the re-
cycled mixture at whatever blends he decides to use provided he
meets mix design and specification criteria.

Quality control begins withlthe salvageable materials available for

the. project. In an urban area, much of this is determined by the
materials the contractor has stockpiled. Some contractors segregate
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materials as to asphalt content and gradation. Information from
as-built records of the layers or courses removed from a project
and laboratory testing can give the contractor information so he
can determine how to obtain the best end use of this material.
There will be salvageable asphalt material from many and varied
sources which may be blended and then tested to determine their
characteristics. Normally this material will be used in recycled
base mixtures or as a substitute for aggregate base. The contrac-
tor will control the re-use of these materials to meet the demands
of the market in his area.

QUALITY_CONTROL FOR URBAN RECYCLING

Urban recycling is different than recycling in Rural Areas. On
rural projects, recycling is usually planned in advance and the
owner-—agency has plenty of time to test the inplace material for
asphalt content and gradation and can arrange the design to
accommodate for the mixes characteristics. '

However, in the urban area, recycling is almost always at the
contractors option and seldom is salvaged mix from a given
project used in recycled mix back on that project. Also, mixes

in urban areas can vary to a greater degree; from oil dirt streets
to high type asphalt concrete and from asphalt treated bases to
high asphalt content wearing courses. The quantities of material
salvaged from any specific job also varies considerably from a
truck load of salvaged material, from a sewer repair project to
many 1000's of tons on a street reconstruction project.

Under the permissible specification, the quality control for re-
cycled mix is the contractors problem. It is impossible to have
quality control of a mix being produced without adequate control
of the raw materials; this control involves the following items:

1) Evaluation of the proper method of removal. The type and quality
of material inplace as well as the inplace thicknesses and depth of
removal must be considered when deciding whether to rip and crush

or mill. Also, the quality of aggregate and asphalt content of
various inplace layers should be considered when determining the
depth to be milled by each pass.

2) Stockpiling control - care must be takeh when stockpiling not
to mix material of various qualities and/or AC content.

3) Testing must be performed on the salvaged materials to determine
the asphalt content and/or gradation of the salvaged materials. These
test results are used for segregating the materials in stockpiling for
storage as well as for determining proportioning of slavage to virgin
aggregate and percent of virgin asphalt added to produce the recycled
mix. (See Total Asphalt Construction's Example after Problem State-
ments.) . : . . : :

- 18 -



4) * Plant calibration --unless proportioning is by weight, the g
plant feed must be calibrated to assure accurate proportioning
during production of recycled mixes. (See Total Asphalt Con-
struction's Plant Calibration after Testing Example.)

5) Quality assurance - testing to determine the asphalt content
of the salvaged material going into the plant and the asphalt
content and gradation of the recycled mix coming out must be done
on a continuing basis to assure that a quality mix is being
produced. '

“Problems

.The standard procedures used to determine asphalt content and
gradation in conventional.mixtures do not completely meet the
needs for a contractors quality program with recycled mixes.

1. Because of the variability in salvaged materials, caused both
by the nature of the material, and the size variations involved and
the fact that salvaged material can be and usually is a mixture of
treated and untreated materials, as big a sample as possible is
desirable. ' The Colorado Vacuum extractor best fits this require-
ment of the tests now available, ' o

2. Speed. is an important factor in determining asphalt content.
With the vacuum extractor, the actual extraction time can vary
from 1 hour to 7 hours. In addition 1 to 4 hours drying time is
required before and after extracting.

3. To speed the extracting process, a filter aid (celite) is used
which coats the filter paper to prevent clogging of the filter.
This speeds the extracting process but adds 30 to 50 grams of
material to the aggregate residue which makes the resultant
gradation questionable.

4. The oil residue on the aggregate after extraction affects the
wetting action during the.washing portion of the gradation. An
additive can be used to overcome this problem, but introduces
another wvariable in the results. . :

5. The time to run a gradation on the extracted aggregate can be
substantial - overnight soaking is routine, 1 hour to wash thru a
200 screen, 1 to 4 hours to dry - 1 hour to run screen test.

6. The use of salvaged materials for granular base presents real
problems for testing by correctional testing. When the salvage
contains asphalt, care must be taken as to the method of drying
as heating the mixture above a certain temperature will cause a
change in gradation. For a given sample, whether the sample is
oven dryed or burner dryed between washing can cause the minus
#200 sieve content to vary by a factor of two.

- 19 -~



For example, summaries of the extraction and gradation tests
by "Midwest Pavement Management, Inc. (MPM, Inc.)" for Total
Asphalt Construction Co. are as follows:

Total Asphalt Inc.
Extraction Results

. Date :
Hot-Mix . Sampled ‘ Salvage
- A.C. | . : A.C.
# Content - ' # Content
1l ) Oven T/1 i 3.1
: )-Problems ‘ _
2 ) (5.4%)2 ‘ /2 2 2.9
3 5.4t - . 7/8 -3 3.6
*4 4.91 7/10 I 3.54
5 5.00 - 7/14
Cl-5 0.85 - 7/8
* —— Sent to Mn/DOT Lab. for comparison.

: ;__,_?;..:20- _

run



Total Asphalt Inc.
Extraction Results

"% Asphalt

Added to ' ‘ ‘
Recycled - Date - - ‘ Sample
7 Mix Sampled ~ Hot Mix ‘ Salvage - From Bin
| _ | l# i AC- %3 Mois _# % AC % Mois _ﬁ $ AC % Mois
— 1200 6 4.6 -—— 6 4.3 2.25 1 0.8 0.2
- /22 | 7 4.9 0.0 7 4.0 -—- 2 0.6 0.2
- - 8 4.5 0.3 8 3.6 2.9
—— 17300 9 3.9 em- 9 3.9 2.7
— 3/3_'7 'io 4.0 --—- 10 3.74 3.1
2.5% 8/6- 11 4.0, 0.1 11 6,1 2.1 3 0.9 0.14
3% - 8/10 12 4.0 0.3 12 3.6 2.9 4 0.8 .33
3% 8/12 13 4.4 0.1 13 3.8 2.4 5 0.8 .2
38 8/18 14 5.1 0 14 5.0 3.3 6 2.0 .15
3% 8/19 15 5.3 0.6 15 3.4 2.7 7 1.4 .32
4t 8/20 16 5.5 0.2 16 4.0 3.3 8 .82 .37
-



"GRADATION'

Sieve Size ' Salvage 3 Hot-Mix 3

) RN - e ~ 100

3/4 | 99.4. | 98.8

e | _. | |

3/8 o . g3.s - 82.9

5§ ' 70.7 o - 71.5
T S 55.1 | 58.5
40 o - 28.0 | 30.5
200 | 9.7 8.1

The foregoing test results indicate excellent uniformity and
bitumen contents and are within design tolerances.




TOTAL ASPHALT COﬁSTRUCTION COMPANY

o PLANT CALIBRATION.

Virgin Aggregate Cold Feed

- Belt Speed

Bottom Pulley - 9- 3/4" dlameter 31" circumference

126 rev/min. X 31"/rev. X 1 foot = 325.5 £t. /min.
o : ' 12 inches

Aggregate Feed Calibration.(no sénd)_

Dial . Wet Dry . :
Setting _ - Weight*' "Weight* Dry Weight
_ _ §/Ft. Tons/Hr .
30 o 80.4 78.15 13.03 127.24
35 96.6 93.9 15.65 152.82
40 ©106.5 103.5 17.25 168.45
| *For six- foot sectlon of belt.
, _ 619 9 - 603, 0 _ .
,M01sture Conteqt = €03.0 = 2.8%
' Sélvége Feed Calibration
Belt Speed = 4'/sec. or 240’/min.
‘Salvage Feed = 150. l# in 40" wet.
_ 639.7 - 607.0 _
Mic. = 6070 = 5,4%
Feed Rate = '150.1 X (1-.054) X 240 X 35028 x 8 = 25.6 T/mr.

40 - 2000+

- 23 -



PLANT CALIBRATION

For Salvage Feed = 25.56 T/hr.

% _Salvage ' - Total Feed " Virgin Feed Setting

5 . 511.2 . 485.6

0 255.6 230.04 54

15 . 170.4 144.84 34

20 ' ‘ 127.8 102.24 24

25 R 102.24 76.68

30 ‘ | . 85.2 59. 64

35

For Setting = 37, virgin feed réte-= 158 T/hr.

. - 25.56 . , — -
% Salvage = 158 + 25.56 X 100 = 13.9%

Assume 6000# Batch
~25.56 T/hr. Salvage Feed, 4% AC in Salvage

Base Degign _ .
100% Virgin - 4.5% = 6000 X .045 = 2704 AC-1

- Setting 37, 13.9% Salvage:

(60004 ~ 270) = 5730#% Agg.
(5730) X .139 = 796% Salvage
796 X .04 = 324 AC-1 .

Virgin AC-1 neéded = 270 - 32 = 238%

- Setting 34, lS%iSalvage:

5730 X .15
860#% X .040
_ - Virgin needed
© - Setting 24, 20% Salvage:
' ' - 5730 X ,20
1l4e64 X .04
Virgin needed

860# Salvage
344 AC-1
270% ~ 34% = 236%

ok

11464 Salvage
46¢ AC T
270 - 46 = 224}

S
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URBAN VERSUS RURAL

It is helpful to recognize the differences in urban and rural hot-mix

recycling.

Plant Site
Plant Type
Market Area
' Project
Blends
Durabilityf
Salvaged Matetials
Gradation

Quantity
Savings/ton

Market Development

Cost Effectiveness

Mobilization Costs

Aggregate Cost

- Aggregate Source

In general, the differences are:

URBAN

Permanent

' Batch or Continuous

Oﬁerlapping

‘Within Market Area

Low Percentage (l0-40%)

ILess concern due to
lower blends

Obtained from varied
sources, less uniform

Easier to correct .
gradation

Low tonnage /project

Less

Mére complex

Great potential due
to varied sources

and markets

None
More Expensive

Haul to site (not
always)

- 25 ~

~ RURATL

Portable
Drum Mix

Wide & Dispersed

- Plant Site Within or

Near Project
High Percentage (40-70%)

More concern due to
higher blends

Obtained from project -
more uniform

Harder %to correct
gradation

High tonnage/project
More

Project Dictates

Project dictates

Substantial ($30,000
plant set up)

‘Less Expensive

On or near plant sit
(most cases) -



QUALITY CONTROL FOR RURAL RECYCLING

In rural areas, the project itself will be a large determinant in
the contractor's selection of re~use of salvageable materials.
Additional projects in the area will also control the contractor's
decision. Information from the as-built records along with
preliminary testing will give the contractor the necessary knowledge
to intelligently bid the projects. The information also gives. the
designer an opportunity to choose alternative rehabilitation designs
to allow the contractor the. choice of which alternatives will give
the most economical end result. , ‘

QUALITY CONTROL EXAMPLES

Examples of how we'héve'processed several projects are as follows:
{See. -Appendix A for Project Checklist.)

S.P. 7380-167 T.H. 094 .

Melrose to Albany

Length: 10.97 Miles :

‘Letting Date: October 26, 1979

Contractor: BAUERLY BROS., INC.

Type of Work: Bituminous Resurfacing and Bituminous Shoulders

This is a rural four-lane Interstate highway. Approximately eight
miles required additional structure consisting of 3-3/4 inches of
2331 bituminous base, 1% inch 2331 bituminous binder, and 3/4" of
2361 wearing course. The existing 2" shoulders were removed and
replaced. The westerly three miles consisted of three exper imental
test sections. Test section No. 1 called for 1%" removal and
replacement with 1%" 2331 binder and 3/4" 2361 wearing course;

test section No. 2 called for 3%" removal and replacement with

3%" 2331 binder and 3/4" 2361 wearing course, and test section No. 3
called for 1" heater scarification plus a 3/4" 2361 wearing course,

The contractor elected to recycle the salvaged bituminous material
from the shoulder in accordance with Mn/DOT's permissible recycling
specification 2332. The information from the trial mix design and
pavement are shown below:

.
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S.P.' 5380-79  T.H. 090

Beaver Creek to Worthington

Letting Date: September 26, 1980

Contractor: .KOMATZ CONSTRUCTION, INC.

Type of Work: Pavement Joint and Crack Repair and Recycled
S Bituminous Mixture

Trunk nghway 090 is a four-lane Interstate freeway that crosses
southern Minnesota. The contract, among other things, called for
removal of the existing 2" bituminous shoulder and 2" of the
" underlying gravel base. The contractor had the option to.

recycle these materlals into 2" 2331 bituminous base and 2" 2331
" shoulder wearing course. This project was in design prior to
the development of our permissible recycllng specification 2332.
The resulting plans and spec1al provisions are a hybrid of previous
and current thlnklng.
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S.P. 4309-20 T.H. 212
W. McLeod Co. Line to Jct. T.H. 22

Length: 14 Miles

. Letting Date: November 21, 1980

Contractor: W. HODGEMAN & SONS, INC.

Type oﬁ Work: Bituminous Overlay and Shoulders

This section was surfaced with 9-7-9 non-reinforced portland cement
concrete, 20 feet wide with 40'-4" joint spacing in 1929. From 4

to 6 inches of gravel base and four inches of plant-mixed bituminous
was placed in 196l. A 5/8" plant mixed bituminous surface 24' wide
was placed in 1973. An evaluation in May, 1979 showed a Service-
ability Rating of 2.8, a Structural Rating of 1.9 and a Condition
Rating of 2.3, The proposed rehabilitation design was to remove

1%" of the existing surface 26 feet in width. Place 1%" 2331 P.M.
levelling course and 1%" 2341 pP.M. wearing course with variable
depth P.M. bitumen 2331 shoulder.

'The contractor for this project also was the successful bidder on
an adjacent project S.P. 6511-13, T.H. 212. This adjacent project
had excess salvageable bituminous mixture therefore the contractor
requested a supplemental agreement under specification 1408 Value
Engineering Incentive to produce the 2341 wearing course mixture
with 50% salvaged and 50% virgin materials.

This was the first project to be constructed with a 2341 recycled
wearing course.
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8.P. 6511-23 T.H. 212

Renville County, from 10th Street in Olivia to the East County Line
Length: 24.9 Miles : ’

Letting Date: April 24, 1981

Contractor: W. HODGEMAN & SONS, INC.

Type of Work: Bituminous Resurfacing

The subgrade was graded in. 1930 to a width of 40 feet. A 9-7-9
portland cement concrete pavement 20 feet wide with 40'4" joint
spacing was placed in 1931].

In 1958 the existing conérete pavement was surfaced with 1%" level-
ling course, a 1%" binder course and a 1%" wearing course.

In i971_a 3/4" plant mixed bituminous wearing course 24' wide was
placed. .

+ An evaluation in 1980 (Olivia to Bird Island) showed a Serviceability
Rating of 3.2, a Structural Rating of 1.6 and a Condition Rating of
2.4; fromBird Island to the E. County Line a Serviceability Rating

of 3.2, a Structural Rating of 0.8 and a Condition Rating of 2.0.

The rehabilitation design called for removing the existing bituminous
mixture on the mainline and shoulders on the rural section of the
project. Test areas indicated an average depth of 5%"™ of bituminous
mixture over the existing portland cement concrete pavement on the
rural sections, except on the research section No. 285 from Sta.
850-1029 where cores averaged 7% inches in depth, After removal,

the first 1/2 of leveling course mixture would be placed by tight
blading over the exposed concrete pavement with the intent of
£illing depressions. The proposed typical section consists of 7*
2331 Plant Bituminous Base, 2" 2331 bituminous levelling, 1%" 2331
binder and 3/4" 2361 wearing course. TUrban areas had special typical
.sections. which will not be overed in this report.

The special provisions allowed recycled bituminous mixture conforming
to Specification 2332 in lieu of conventional mixtures at the option
of the contractor.

Extraction tests show the asphalt cement content of the surface is
approximately as follows:

Depth Asphalt Cement
0-3/4" ' 7.4%
3/4 - 2" : 5.1%
2% - 3-3/4" 3.7%

Below 3-3/4 a lean mixture exists, however, no tests were taken.

Bidders were allowed to téke bituminous samples to run their own .
extraction tests. Contractor to provide traffic control and patching
of the surface.

. The Contractor has been producing a recYcled mixture at a 70-30 blend
of salvaged bituminous material to clean aggregate. It appears he will
have surplus material for use on another contract in the area.

- 29 -
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S.P. 1604-26 T.H. 61

Grand Portage to Pigeon River

Length: 7.46 Miles ' B -

Ietting Date: December 19, 1980 -

Contractor: ULLAND BROS., INC. - . ‘ ,
Type of Work: Bituminous Surfacing and Shoulders

This roadbed was paved in 1962 with 15" 2331 wearing, 1" 2331 binder
and 1" road mix bituminous base over 3" to 8" of aggregate base.
The shoulders were gravel surfaced. This is a aggregate scarce area.

The proposal called for removing the existing bituminous materials.
Recycled bituminous mixture conforming to specification 2332 may be
substituted for conventional mixtures (base, binder, levelling,
wearing and shoulder mixture) at the option of the contractor. This
was the first project in Mn/DOT to allow a recycled wearing course
mixture. This project and the T.H. 212 are being used for a Minnesota
Local Road Research Board study to evaluate recycled wearing course
mixtures. Extraction tests run on three random cores show an average
asphalt content of 3.2%.
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s.p. 6221-30 T.H, 61 o
East 7th Street to Larpenteur Avenue in St. Paul
Length: 2.06 Miles

‘Letting Date:. April 24, 1981 - _
Contractor: ASHBACH CONSTRUCTION CO. -
Type of Work: Milling and Bituminous Resurfacing -

‘The plans called for removal of approximately a 1" wearing course
and replacement with 1" 2361 wearing course. This proposal did not
contain the recycling option. This was the only contractor that
gave us a.credit for the salvaged wear course. It is estimated
that the state received a value of $5 per ton of material removed.
Other bidders did not appear to provide a credit, therefore, they
did not get the job. The contractor planned to recycle this
material on another state contract in St. Paul.
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S.P., 5601-21 T.H. 210

Fergus Falls to Breckenridge

Length: 17.93 Miles

Letting Date: February 27, 1981 :

Contractor: DUININCK BROTHERS & GILCHRIST

Type of Work: Widening, Bituminous Resurfacing and Shouldering

This section was surfaced with 9-7-9 non-reinforced portland cement
concrete pavement, 20' wide, with 40'4" joint spacing in 1931. 1In
1952, the pavement was widened 1%' with 6" bituminous base and over-
layed with 3%" of plant mixed bituminous 22° in width. In 1968,

the roadway was overlayed with 1%" of bituminous P.M. wearing course.
The shoulders were 3-4" thick aggregate 6-8 feet in width. The
bituminous portion of the roadway was severely cracked about every
four feet (transverse and block cracking). The 1978 condition
rating was 2.3. The ESAL for a 20 year design is 639,500. This is
a l0-ton route. ' . : o

The rehabilitation plans, among other things, called for the re-
moval of the bituminous surfacing, widening and shouldering. The
existing concrete pavement was to bé cracked every 5 feet, rolled
with a heavy roller to seat the slabs and cleaned. After cleaning

a 1" 2331 levelling course was placed (tight bladed with a motor
graded into all joints, cracks and spalled areas). Prior to cracking
the pavement a new widened base section approximately 9" of 2331
bituminous base was placed on either side. One inch and 2 inches of
2331 levelling course, 1k" 2331 binder, and 1%* 2341 wearing course
was placed over the widened pavement. After variable depth aggregate
shouldering was placed, 2%" 2331 base and 1%" 2331 wearing course
were placed on the shoulders. Recycled bituminous mixture conform-
ing to the requirements of recycling specification 2332 may be

" substituted for conventional mixtures (base, binder, levelling and
shoulder wearing) at the option of the contractor.-

The contractor elected to use the recycling option. The test results
are as shown below. ' '

- 327;.
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ECONOMIC ANALYSIS

It is difficult to present the amount of savings attributed to
recycling. We will attempt to give you a feel for what these
savings might be with three illustrative comparisons, expressed
as percentages. We will also illustrate the estimated reduction
in new asphalt cement reguired.

1. Difference between the engineer's estimate and the successful
- bid price for recycled bituminous items.

2. Difference between the engineer's estimate and the cost of
all bituminous items assuming all new asphalt cement for an
exclusively conventional mix pavement.

3. Difference between the successful bid price and the cost of
all bituminous items assuming all new asphalt cement for an
exclusively conventional mix pavement.

4. Reduction in new asphéit cement, total tons.

SUMMARY OF ECONOMIC ANALYSIS

Recycled Mix- AC Saved Total A.C, Total Est. Cost_of Cost of
ture Tons Tons Savings Savings Recycled Mix Recycled Mix/To
90 23,732 514 84,865.00 183,508 .86 323,989 13.65
. 212 51,398 585 76,000.00 243,701.07 782,395 15.22%
212 110,582 3625 797,645.00 976,929.60 1,309,602 11.84
. 61 34,861 630 132,349.00 218,217.34 466,162 13.37%
210 95,245 2660 402,530.40 528,776.80 1,145,747 12.03
315,818 8014 $1,493,389.40 $2,151,133.60 $4,027,895 . $12.75
*

These projects include recycled wearing course mixtures
$4.73/Ton Avg. Savings based on assumed asphalt cement savings

$1,493,389.40
315,818 Ton

Range $1.47-57.21

$6.81/Ton Avg. savings based on difference between engineer est. and successful
bidder plus asphalt cement savings

$2,151,133.60
315,818 Ton

Range $4.74 - $8.83



These five projects were selected at random to illustrate the
economic savings attributable to recycling. The average savings
per ton based on the estimated tons of recycled mix of 315,818
versus the assumed savings in new asphalt cement($1,493,389.40)
and the total estimated savings ($2,151,133.60) based on the
engineers estimate are $4.73/Ton and $6.81/Ton. The range is
from $1.47 - $7.21/Ton and $4.74 - $8.83/Ton respectively for

the five projects. If the same trend follows for other recycling
projects we could assume a savings of $473,000 - $681,000 per
100,000 tons on other projects under construction this season.

If we assume that 10% of the estimated total of 12 million tons
of hot mix is produced annually on all projects in Minnesota, the
estimated annual savings attributable to recycled hot mix could
range from $5,676,000 to $8,172,000. We can assume that
$5,676,000 is reduced cost of new asphalt cement.




'S.P. 5601-21 (T.H. 210)
DUININCK BROS. AND GILCHRIST
Contract Letting Date: February 27, 1981

This project allowed recycled mixtures for base, binder,
levelling and. shoulder wearing course mixtures. The cost
of new asphalt cement for Conventional mixture used was
the price bid for 2391 wearing course mixture:

1. Engineer's‘Estiﬁate o : ' : $1,547,582.00

- Less Successful Bid = : : - 1,421,335,.60°
- Difference = - o ' - $126,246.40

' (Difference-% Engineer's Estimate) x 100
126,246.40

T,547,562.00 X 100 = B.16%
2. Assumed AC Price/Ton, Conventional Mix ‘ 198.80
Less AC Bid Price/Ton, Recycled Mix ‘ - 110.00
~ Difference, Conventional vs. Recycled ' 88.80
'AC Required for Project ' . 4533 tons
‘Difference (Conv. vs. Recycled) x AC Required
88.80 x 4533 . = $402,530.40
,Plustifference from (1) : - + 126,246.40
Total‘Difference, Conventional vs. Recycled ' $528,776.80
(Total Difference = Engineer's Estimate) x 100 '
528,776.80 _
'31,-(Total Difference -+ Successful Bid) 100
525,776.80

1,421,335.60 * 100 S = 37.208

Estimated reduc-
tion of new AC
required

= ' 2,660 Tons

0

4. Difference for AC (Conv. vs. Recycled)

$402,530.40
$198.80 Ton

- 33a -



S.P. 5380-79 (T.H. 090)
KOMATZ CONSTRUCTION, INC. _
Contract Letting Date: October &, 1980

Thls project allowed recycled mixtures for base and shoulder wear-
ing courses. Therefore, the cost of new asphalt cement for a
conventional mixture for item 2 was taken from two other bidders,
McLaughlin & Schultz and Hugo Schultz. Assuming these bid prices
reflect the use of conventional mix.

i. Engineer's Estimate $495,920.90
Less Successful Bid 7 o -397,277.04
Difference : ' $93,643.86
(Difference Englneer s Estlmate) x 100
- $98,643.86 Y =
$455935 69 X 100 = 19.89%
2. Assumed AC Price/Ton, Conventional Mix - ' s 165.00
Less AC Bid/Ton, Recycled Mix , : - 110.00
Difference, Conventional vs. Recycled . ~ 55.00
AC Requ1red for Project ' 1543 Tons

Difference (Conv. vs. Recycled) % AC Requlred

55. 00 x 1543 = $84,865.00
Plus leference from (1) ' . + 98,643.86
Total Difference, Conventional vs. Recycled . $183,508.86
(Total Difference = Englneer s Estlmate) x 100

$183,508.86 _

$495,920,90 * 00 = 37.00%

3. (Total Difference + Successful Bld) 100
.$183, 508 86 . - —
$397,277.04 * 00 = 46.19%

Estimated reduction
of new AC required

|

4. Difference for AC (Conv. vs.'RécYcled)

Assumed AC Price/Ton -

$84,865.00
$165.00/Ton

It

514 Tons
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S.P. 4309-20 (T.H. 212)
W. HODGEMAN & SONS, INC.
Contract Letting Date: December 3, 1980

This project allowed recycled mixtures for base, binder, levelling
and shoulder wearing course mixtures. The cost of new asphalt
cement for conventional mixture used was the price bid for 2341
wearing course mixture. ' , .

l. Engineer's Estimate $749,852.80
: Less Successful Bid -582,151.73
Difference . | $167,701.07
(Difference + Engineer’s Estimate) x 100
$167,701.07 - : _ '
$959.852.30 x 100 | . = 22.36 %
2. Assumed AC Price/Ton,Conventional Mix < $ 130.00
- Less AC Bid/Ton, Recycled Mix . - 98.00
Difference, Conventional vs. Recycled s 32.00
AC Required foreProject ' 2375 Tons
Difference (Conv. vs. Recycled) x AC Required .
- $32.00 x 2375 | / =  $76,000.00
Plus Difference from (1) |  4$167,701.07
Total Difference, Conventional vs. Recycled $243,701.07
(Total Difference + Engineer's Estimate) x 100
$243,701.07 o ' o o
€749,852.80 x 100 . - . | _ .- 32.50%
3. (Total Difference =+ Successful Bid) 100
$243,701.07 Py _ _
$582,151.73 x 100 . = 41.86%
4. Difference for AC (Conv. vs. Recycled) + = Estimated reduc-
' ' tion of new AC
o required
Assumed AC Price/Ton ‘
$76,000.00 _ '
$130.00Ton = 985 Tons
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S5.P. 6511-23 (T.H, 212)
W. HODGEMAN & SONS, INC.
Contract Letting Date: May 13, 1981

This project allowed recycled mixtures for base, binder, levelling
- and shoulder wearing course mixtures. The cost of new asphalt
cement for conventional mixture used was the price bid for 2361
wearing course mixture.

1. Engineer's Estimate . . $1,718,390.50
IL.ess Successful Bid - 1,539,105.90
Difference . o $179,284.60

(Difference + Engineer's Estimate) x 100

$179,284.60 % lﬁO

$1,718, 390.50 = 10.43%

2. Assumed AC Price/Ton,Conﬁentional Mix ' $ 220.00
Less AC Bid/Ton, Recycled Mix - 75.00
Difference, Conventional vs. Recycled $ 145.00
AC Reqﬁired for Project ' "5501 Tons
Difference (Conv. vs. Recycled) x AC Regquired

$145 x 5501 = $ 797,645.00
Plus Difference from (1) . +_179,284.60
Total Difference, Conventional vs. Recycled $ 976,929.60

(Total Difference + Engineer's Estimate) x 100

$976,929. 60

$1,718,390.50 X 100 =  56.85%

3. (Total Difference + Successful Bid) 100

$976,929. 60
$1,539,105.90

X 100 | = ' 63.47%

]

Estimated reduc-
tion of new AC
required

4., Difference for_AC.(Conv; vs. Recyeled) =«

Assumed AC Priée/T0n 

$§§ZBE;250° | | = 3625 Tons
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S.P. 1604-26 (T.H. 61)
ULLAND BROS., INC.
Contract Letting Date: February 6, 1981

This project allowed recycled mixtures for base, binder, levelling
and in addition the wearing course mixture. Therefore, the cost of
- new asphalt cement for conventional mixture for item 2 and 3 was
taken from two other bidders, Premier and E. W. Coons.

1. Engineer's Estimate . $657,895.67
Less Successful Bid - 572,027.33
Difference _ : ' $ 85,868.34

(Difference =+ Engineer's Estimate) x 100
$85,868.34

§657,895.67 100 = 13.05%

2. DBssumed AC.Pricé/Ton, Conventional Mix S 210.00
Less AC Bid/Ton, Recycled Mix - 137.00
Difference, Conventional vs. Recycled $ 73.00
AC Required for Project 1813 Tons

Difference (Conv. vs. Recycled} x AC Required
$73.00 x 1813 |

il

$132,349.00

Plus Difference from (1) ~ +__85,868.34
Total‘Difference, Conventional vs. Recycled , $218,217.34

(Total Difference + Engineer's Estimate) x 100.

$218,217.34

$657,895.67 X 100 ' = 33.16%

3. (Total Difference = Successful Bid)100
$218,217.34 .x.

$572,027.33 * 100 = 38.15%
4. Difference for AC (Conv. vs. Recycled) =+ = Estimated reduc-
tion of new AC
regquired

Assumed Aclprice/Ton

$132,349.00
$210/Ton

= 630 Tons
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CONCLUSIONS

Keys'to implementatioh of recycling in Minnesota:

1. Coordination and cooperation between Mn/DOT and the contracting
industry.

2. Support from top.staff and key individuals.
3. Minnesota Local Roéd Research Board.

4. Permissible specifications which allow. recycled mixtures in
lieu of conventional mixtures on all projects.

5. Establishing value for salﬁagéable material.
6. Move toward'eﬁd-résult'specifications.
7. Payment for old asphalt cement in recycled mixtures.

8. Recognition that any project may include resurfacing, recondi-
tioning and reconstruction design alternatives in the rehabili-
tation plans, specifications and special provisions.

9. Performance at the least cost per unit of pavement as the goal
of pavement evaluation, design and construction (13).

Each of us in this industry, whether a part of government or the
private sector, has a role to play in maximizing the benefits of
recycling. Each level of governmEnt and each sector of private
enterprise must fulfill their role in the development of recycllng
policy and procedure to optimize the beneflts.

The federal government should continue their efforts to stimulate
and advance the implementation of recyecling.

The states should provide the specification and quality control for
recycled mixes. Most important, they should allow the use of
recycled mixes as an equal to standard conventional mixes provided
they meet mix design and specification criteria. Policy on recycling
should provide flexibility to allew the free market mechanism the
ability to make the judgment of the most efficient resource alloca-
tion. The market mechanism must be allowed to work if we are to make
the most efficient use of scarce, finite and costly materials.

The contractor,; provided with a ready market for recycled mixes,
should make the capital expenditures to modify their equipment and
facilities to cost effectively recycle old pavement materials into
new pavements. The contractors must determine the value of these
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materials less their acquisition costs (removal, haul, process) in
relation to their potential wvalue in a recycled pavement. The
contractors should utilize the expertise of the eguipment manu-
facturers in manufacturing new equipment and modifications to reduce
cost of produc1ng recycled mixes.

" The governmental and private sector must work together to assure
that recycling becomes standard operating procedure. There are no
. half way commitments that will get the job done. This reguires a

major commitment from the governmental agencies, federal, state,
city and county to allow recycled mixes in lieu of the present
conventional mixes. Without this commitment, the market for
recycled mixes will be small and fragmented. We cannot expect the
contracting industry to make the necessary commitments without
having a substantial, definitive market. If we do not make this
commitment,we all lose. We, as users, lose the ability to provide
the taxpayers with more pavement for less dollars; the contractors
lose the ability to make a profit; and the eguipment manufacturers
lose the sales of more productive equipment. In the end, our
couritry and our way of life loses.
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APPENDIX A

PROJECT CHECK LIST

Rehabilitation Design:

What should be included in the plans, spécifications and special
provisions. : : : '

Materials available for recycliné?
Characteristics of these materials?
- Quantity of these materials?

" Rehabilitation Alternatives:
a. alternate designs
b. alternate specifications

This information will let the contractors determine what alternate
or combination of alternates will produce the desired end product
as the least cost to the user.

Project Checklist
Pre-Letting
As-built records

Gradations _
Asphalt Content
Quantities

Field Samples for Laboratory Testing

Asphalt Content of Each Course
Gradation of Salvageable Aggregate

‘Contractor Sampling
Allow contractor access to as-built records
Allow contractor to sample existing roadbed

Plans and Proposal
Include specific information on existing roadbed

Specifications and épeoial provisions covering the work
to be done and how it is paid for.

Construction

Contractor to submit representative samples from stockpile
and blend of salvaged bituminous material and clean aggregate
to material laboratory for trial mix testing., Furnish pro-
duction results and extraction test results.
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Materials Laboratory conducts &rial mix testing.

Bituminous Engineer recommends new asphalt cement to be added
to each recycled mixture.

Field sample of recycled mixture randomly selected behind the
paver for check against lab trial mix. (Optional)

Field sample of recycled mixture selected behind paver for
extraction of asphalt cement (one sample per 750 tons or

min. of three per day) Avg. of all extractions determines
payment for bituminous material for mixture (asphalt cement).
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ABSTRACT

RECYCLING BITUMINOUS SURFACE .COURSES

The technology for surface recycling asphalt pavements has been fully
developed and is now available to Engineers for more extensive usage on urban
and interstate projects. Great improvements have been made in quality control,
particularily over the past several years, to eliminate uncertainty and upgrade
the end results. :

A pavement study to establish a properly budgeted, long.range maintenance
program is the primary step frequently taken by Public Works Engineers. Corrective
procedures may -be developed after considering roadway sufficiency, serviceability,
structural adequacy and physical conditions of pavement materials.

Surface recycling is selected to correct certain defects. Asphalt pavements
exhibiting minor corrugations, alligator cracking, raveling, polished aggregate,
or bleeding are all candidates for this strategy. The process consists of passing
one or more machine-mounted high intensity heaters over the surface to be repaired
at a speed which will allow the distressed material to be softened.

With advanced technology and equipment, pavement temperature is increased
slowly, using multiple machines, so that the material is not overheated and a
maximum depth is achieved. Chemical additives, called recycling agents, reverse
the oxidation process by restoring some of the lost constituents and replastircize
the asphalt cement. ,

The use of seal coats and thin asphalt overlays on pavements that need
improved riding qualities and waterproofing can be extended. Surface recycling
offers Engineers an ideal way of preparing and rehabilitating pavement sections
to a condition where thin overlays can be installed to virtually eliminate
reflective cracking and save 25 percent of the cost of new materials. As the
cost of asphalt cement escalates and its availability diminishes, the use of
sgrface recycling must be considered in more instances to rehabilitate existing
streets. '




Introductlon

~ Over the past decade, pavement constructlon and maintenance costs have more
than doubled, while public works budgets have remained relatively constant, some-
times even decrea51ng The escalation of highway construction and malntenance
costs is a result of our dependence on Fcre1gn o0il and the direct correlation
' between asphalt and crude oil product prlces. The Engineer has fast become
maintenance oriented, as he should be. A major concern must be one of extending _
the life and serviceability of existing structures, while adherlng to the necessity
to economize. - The more expenslve alternate method of restoring a worn flexible
pavement by resurfacing is now often revaluated in favor of surface recycling
with a thin overlay or a seal coat to waterproof the underlying pavement structure.

The idea of recycllng pavements sometimes evokes fears that the recycled
material may not possess satisfactory quallty and will soon fail under traffic
'.loadlng Great improvements have been made in quality control, particularily
over the past several years, to eliminate uncertainty and upgrade the end result.
Work performed using the new Asphait Recycllng and Reclaiming Association (ARRA)
standards(1) coupled with rigid inspection bears little resemblence to earlier
heater scarifying work. The technology for successfully reeycling asphalt pavements
has already- been developed and is now available to Engineers for more extensive
usage. .

Pavement Evaluation

. A pavement 1nventory study to establish a properly budgeted long lange
maintenance program is usually the prlmary step taken. An on-geing pavement
evaluation program should provide that in each successive year, certain roads
previously studied will undergo additional testing. Successive repetitions will
permit the establishment of accurate "rates of change" curves. With additional
inputs of data, it is possible to accurately program the type, amount and cost
of future maintenance, and determine which pavement design, construction method
or maintenance technlque provides the best economic value.

As might be expected v1rtually all roads possess some deflclencles that
merit maintenance attention. This maintenance may be of major or minor consequence,
‘but failure to correct a deficiency will lead to further deterioration and increased
maintenance costs. Frequently, roads are structurally sound and not in need of
an overlay insofar as the pavement thickness. Weathering by the elements can
lead to abrading of the surface and reduce serviceability, which can be corrected
by proper preventative maiptenance.

Many pavements possess highly embrittled-asphalt binder and failure to
correct this condition will lead t? deterioration of the pavement and ultimate
structural failure. The asphalt( aging phenomenon occurs frequently in the
.Southwestern United States and is aggravated by the climate, quality of petroleum
cerude used to produce the asphalt matrix and many other complex reologic and little
understood factors.

Corrective procedures may be developed after considering roadway sufficiency,

serviceability, structural adequacy and physical condition of pavement materials.
Investigations should include deflection testing, field and laboratory testing of



pavenent and base materials; correlation of field data with historical design and
construction information; reviewing maintenance records and traffic loading, and
analyzing the information gathered to prepare recommendations 3).

Recommendations vary from 1mmed1ate routine maintenance to extensive repalrs
by means of a program of resurfacing, reconstruction seal coating, surface
recycling or some combination of these to treat existing surfaces and establish
priority schedules for each, based on need, with programmed reviews for updating
the priorities. This report will focus primarily upon the maintenance procedures
involved- in surface recycling. :

Historical Recycling Background

, The modern surface recycllng process evolved from heater planer equipment.
Heater scarifying, or remixing, developed by modifying heater planers with scarifier
" rakes to probe the surface which had been heated. As burner designs continued to
improve, machines were able to penetrate a uniform depth up to 2.54 cm or approxi-
mately one inch, causing only cccasional minor visible emissions.

The basic reason for surface recyeling (scarifying and rejuvenating) was
to relevel the surface and eliminate the cost of transporting road materials to
other locations when it might be utilized on-site. The use of cleaner fuels
improved the operating performance of these early machines, although it was a
process which had to be closely controlled by the operator when using only one
machlne.

Surface Recycling Advantages

On certain projects, heater recycling can offer significant imprcvements to
conventional overlays, as well as prepare a surface for rece1v1ng thln overlays,
chip or slurry seal treatments 4), :

. The prime purpose is to develop a low modulus layer of bituminous material
© with Flex1b111ty to retard propagatlon of cracks.

. A secondary goal is to develop a unitized structure Well bonded to. produce
greater resistance to deflection and shear than would an overlay installed
. upon a convent10n31 tack coat.

. The heat and reearrangement of aggregate particles By'scarification,
breaks the existing surface crack pattern and forms a layer capable of
distributing the stress that develcps.

. Pavements exhlbltlng moderate surface dlstortlon are leveled by the
scarifier rakes and a vibratory screed to receive a uniform thickness
overlay or seal treatment without the need for a separate and costly
planlng operation.

‘7. When surface treatments or thin overlays are prcgramned, asphalt,mix is
conserved and drainage capacities of curb and gutter are retained longer.
More miles of street may be treated due to low cost of surface recycling.

Analysis

Surface recycling can only correct certain defects. Asphaltrpavements
exhibiting minor corrugations, alligator cracking, raveling, polished aggregate,
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or bleeding are all candidates for the process. On the other hand, if the
distress results from an inadequate base and shows up in pavement failure, pot
holes, upheaval, or severe rutting, extensive base reconstruction must be

- considered.

- As the technology improved, it was determined that if a pavement temperature
is increased slowly, in steps, using multiple machines, the pavement would never
reach a temperature to emit particulate. In some instances, cold planing was
required to first remove any imperfections or contaminates which have accumulated
on an asphalt pavement and which might produce emissions. Environmental Protection
Agency standards of maximum permissable limits for emissions may not be exceeded.

A current requ1rement of the South Coast Air Quality District coverlng the Los
Angeles Basin is to be found in the Appendix.

Today's operation for high quality work{5) is monitored by removing a known
volume of scarified material to weigh and determine specification compliance. The
design engineer can now specify a weight per sguare decimeter of recycled material
Just as he would when purchasing a new asphalt concrete material. The reecycling
agent application is also closely controlled after laboratory tests indicate the
type and amount of agent needed to renovate or rejuvenate the asphalt binder.

When treating deep lifts of surface recycled material, the loosened mix is
generally struck off by a screed, then compacted while still at an elevated
temperature and the recycling agent is applied uniformly at the end of the work
shift. A thin overlay of new asphalt concrete, or a seal coat, is installed
sometime later to complete the process.

Two basic reasons for utilizing surface recycling strategy are:

1. Pavement rehabilitation - here the depth of scarification is of major
importance and the Contractor and Engineer should endeavor to achieve the
maximum depth of penetration from the rakes., - This should be done with
care to insure the asphalt cement binder material in the treated layer
is not damaged or destroyed by over application of heat.

2. Surface preparation for a strengthening overlay - frequently specified
for airport and highway construction. Recyecling functions te insure the
existing surface interface does not pessess contaminates, such as pain:
stripes, fuel and o0il drippings or rubber tire impact marks. The
necessity for leoad transfer from the new overlay to the old is extremely
important and enhances the structural value of an overlay.

Method of Recycling

The two stage method is most frequently used. The steps in two stage
construction are (1) heat, scarify, compact, apply oil additive, and (2} overlay
or seal. Usually there is a delay between surface recycling process and the
surface treatment.

The two stage recycling operation is more economical for each operation
and will actually provide a more uniform and better product in the final
analysis.

. The inspector viewing surface recycling can measure scarification depth
by weighing and control the rate of application of recycling agent.
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. Density requirements specified by most agencies can be more easily
obtained in the two stage operation. A rubber tired compactor is
preferred, but a steel roller may be utilized to densify the treated
surface and provide compaction immediately following recycling.

+ Should the aged condition of the existing asphalt binder warrant a heavy

. application rate of recycling agent, a delay of several days may be
necessary for the agent to be absorbed into the pavement so that bleeding
through the overlay or seal treatment is avoided. A uniform application
eliminates the distributor marks caused by overspray and laps.

Heating

The process(é) consists of passing one or more machine-mounted high intensity
heaters over the surface to be repaired at a speed which will allow the distressed
material to be softened. This speed varies widely, depending on several factors.
Typical speeds range between 1.5 and 15 m/min (5 to 50 ft/min). The heaters should
bring the surface asphalt to a temperature somewhere between 110 te 150°C (230 to
300°F) with the ideal temperature generally in the 125°C (2500F) range during the
compaction process. Although much argument and discussion has been directed
toward the terms "radiant" and "direct" heating, there is little supporting
evidence that any one machine is superior to apother in raising pavement temper-
ature. The time of exposure to a constant heat source will cause an elevation of
temperature in direct proporation and two machines or more will develop a uniform
rise of temperature in the recycled layer without harm to the binder. This time
may also be extended by utilizing longer combustion chamber machines.

Care should be exercised to aveid overheating the pavement which may damage
the asphalt and also produce unde$irable visible emissions. This can be avoided
by either reducing the burner combustion heat or increasing the equipment rate
of travel. The temperature may bé verified or measured by mounding the scarified
mix and inserting a thermometer as with conventional new paving material.

Scarifying

A scarification depth of 1.91 cm or 3/4 inch minimum is recommended; and,
as mentioned, for certain types of pavement, multiple heaters may be necessaiy
to allow the heat to penetrate a seal coat. When multiples are used, the first
preheats to raise the temperature, while the last machine heats and scarifies
the pavement. A screed and roller should follow immediately behind the scarifying
machine so that the mix is leveled and compacted at an elevated temperature. The
recycling oil is then applied, usually at the end of the working day, insuring
a continuous uniform application.

Equipment Improvements

1. Extended length, high reflective combustion chambers 4.86 to 9.1Z meters
(16-30 feet) insure deeper heat penetration.

2. Improved“dOWn pressure on scarifier rakes with stronger rake and tooth
assemblies. :

'3, Heavier power train facilitates scarifying.

=7=
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INSPECTOR MEASURES TEMPERATURE AND- TAKES SAMPLE
OF RECYCLED MATERTAL FRONT OF SCREED

CLOSEUP OF MATERIAL AND GRADUATED TEST RING

SAMPLE WEIGHT IS NOTED AND MOVING AVERAGE OF
3 PER HOUR DETERMINES COMPLIANCE
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" 4. Better combustlon wlth L1qu1f1ed Petroleum Gas (LPG) fuel for cleanli-
ness in lightweight refractory oven.

~ 5. Dual operator controls.

Process Control

Depth of scarification is the real -measure of value derived from the surface
recycling process. The deeper the scarifier teeth and recycling agent penetrate,
the more material is reclaimed to a "like new" condition. Depth of scarification
is most equitably controlled by the weight method. A calibrated ring is inserted
in the loose scarified material and all material is scooped out and placed in a
pan. The material in the pan is then weighed and recorded as pounds of material
scarified loose per square foot. Assuming a pavement den31ty of 144 pounds per
cubic foot, the scarification meets specifications when nine pounds per square
foot is recovered If pavement density is less than 137 or more than 151 pounds
per cubic foot, the weight per square foot requirement is adjusted accordingly.

This control procedure additionally insures the scarified pavement will have
sufficient heat for proper compaction. When sufficient heat is provided to enable
nine pound scarification, the pavement reaches proper compaction temperatures.

The only requirement is that it must be rolled immediately behind the screed while
it still holds this heat.

Applying Recyeling Agent

The process of pavement aging or oxidation consists of a chemical reaction
which slowly changes the characteristics of the asphal? cement. The effect of
this change is a gradual embrittlement of the pavement!’ An oxidized pavement
usually appears gray, dried out and dull. :

-The value created by-surface recycling is based on the fact that oxidation
occurs most rapidly at the surface, which is in contact with the elements. The
surface may have lost some of its resiliency and perhaps has begun to show
cracking; while underneath the asphalt binder is relatively unaffected by its
environment and in nearly new condition. Studies reported by Coon. and erght(a)
indicate no change in relative viscosity of binder below 1.91 em or 3/4 inch
level on pavements 4 to 151 months of age.

. Chemical additives, called recycling agents, have been developed which

reverse this oxidation process by restoring some of the lost constituents, and
in so doing, replasticize the asphalt cement.. The agent may be applied at the
highest temperature recommended by the refiner to permit even distribution
throughout the loosened material. The selection and application of one of these
liquids is an important step in surface recycling.

Testing

The amount of recycling agent to be applied to the scarified ‘material layer
is determined prior to beginning work. This is done by removing 15 cm (Slf
inch) diameter core samples from the structure for testing in a laboratory 9)
Dne core is tested as is to determine the viscosity and ductibility of the

-10-



existing asphalt in the top 1.91 cm or 3/4 inch. The other two are heated,
scarified to a depth of 1.91 em or 3/4 inch, then .45 liter per square meter

of recycling agent concentrate equivalent is spread on one core and .9 liter

per square meter on the other. These cores are then placed in a 609C oven for

a minimum of three days, after which the asphalt is extracted from the top 1.91

cm or 3/4 inch of each core and tested. The quality selected is mathmatically
added to the existing asphalt percentage to determine feasibility of improving

the. binder qualities without over-asphalting the layer. Regardless of the type

of recycling agent used, the same type of test can be performed to first ascertain
the lowering of viscosity obtained from using a specific additive and then compare
various agents available to treat a hardened asphalt cement. The results must be
"fine tuned" hy the field inspector when it is apparent that there is a discontinuity
in material or that the indicated laboratery amount is causing gither a deficiency
or excess of oil. .

.Asphalt Pavement Overlay

After the pretreatment is completed, the asphalt paving operation may proceed
at a uniform rate of speed, coordinated with the arrival of trucks to the finish-
ing machine. This is evenly matched with the plant capacity which leads to a
higher quality finished surface at a reduced unit paving cost.

If the pavement is open to traffic for a prolonged pericd before an overlay
coat is installed, some caution should be exerted to prevent high speed traffic
degradation of the surface. This can be done by signs or a light application
of emulsified asphalt on the surface te tighten up the aggregate until the
resurfacing or seal treatment is scheduled.

When an overlay is specified, the thickness depends upon the present and
future requirements of the structural section. If the goal is to rejuvenate
the upper layer of existing material and improve the riding qualities of the
street that is structurally adequate, a minimum thickness will suffice. This
minimum thickness depends mainly upon the gradation of aggregate in the new mix.
As a general guide, the overlay thickness should be not less than 1.5 times the
maximum particle size in the new mix.

Cfack Prevention

The pavement overlay mix design selected to cover the recycled surface
requires consideration of its function. In areas of sparse rainfall where
existing pavements show signs of ~actinic aging, an open graded plant mix is
extremely effective. The wide shrinkage cracks common in desert regions due to
the drying cut of the pavement, render the surfaces rough. During cold weather,
wind blown materials often fill the open cracks preventing them from closing _
during the warm season which causes an extruded bump on either side of the crack.
The wind blown material should be removed by blowing with a high pressure air
stream prior to recycling. The open graded plant mix fills the crack and the
heavier asphalt film on the aggregate keeps the erack from reappearing in the
finished surface. This improves the appearance and riding qualities of an
otherwise difficult pavement for a much lenger duration of time.

Waterproofing Structures

In other sections of the country, a dense graded asphalt plant mix is chosen
~ for its waterproofing qualities to prevent snow and moisture from penetrating the

, A o
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subgrade and softening the entire structure. When alligator cracks indicate a
diffused or even distribution of stresses in the existing pavement, the addition
of a conventional dense graded plant mix overlay will improve the structure and
provide years of continuous service with relatively low maintenance cost.

Heav1er Load Service

IF the primary purpose of resurface/recycllng is to increase the structural
capacity, the overlay should be designed according to conventional procedures to
yield the required strength. While each project must be analyzed for its specific
needs and thickness of new asphalt to be placed, it generally is placed at 2.54
cm (one inch), minimum thickness; however, the upper limit can. range from 5 to 10

~cm, or 2 to 4 inches, depending upon the 1mprovement to the structural section
that may be requ1red

Process Improvements

1. Contaminants or multiple chip seals should be cold planed in advance to
allow proper heat transfer to underlaying material.

2. Multiple machines raise temperature in thermal gradients without damaging
asphalt binders.

3, Mechanical screedlng levels and redistributes material provided by deep
scarifying.

4, Compact recycled mix with rubber or steel wheel rollers while temperature
remains elevated.

5. Recycling agents available in varieties to suit different pavement
conditions are applied after compaction.

6. Two step or "stage" construction permits a lawer 1nstallat10n cost for
thin overlays. ‘

Conclusion

It is apparent that the use of seal coats and thin asphalt overlays to
cover the roads that need improved riding qualities and waterproof flexible
structures can be greatly extended. Surface recycling offers Engineers an
ideal method to prepare rough pavements to increase the potential for success.
Many Western United States Agencies have pioneered the development of higher
quality surface recycling to virtually eliminate reflective cracking and save
as much as 25 to 30 percent of the cost of new asphalt concrete materials at
today’'s prices. As the cost of asphalt cement escalates and its availability
diminishes, the use of surface recycling must be considered in more and more
instances to rehabilitate existing pavements. :
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QUESTIONS MOST OFTEN ASKED ABOUT SURFACE RECYCLING

QUESTIUN: Do I really have to use a recycling agent?

Not always! There are some special cases where there is adequate asphalt binder
in the pavement and the binder still has viscosity and ductility comparable to
new asphalt.

However, in most appllcatlons, we are treatlng an age cracked pavement where the
asphalt binder has become hard and brittle through the natural aging process.

A recycling agent is added (in the correct quality) to bring the asphalt matrix
back to properties equal to those originally spe01F1ed When this is accomplished,
the asphalt cement is restored and the recycled mix will have the quality of
v1rgln hot mix.

A recycling agent provides the most economical method of restoring the aged asphalt
to a like new condition. A very small .quality does the job because it has only
to replace the missing constituents in the aged asphalt.

QUESTIDN' Can asphalt emulsion or cut back be used as a recycllng agent?

The asphalt emulsion does 1little or nothing to restore the desired properties

to aged asphalt binder. Instead, the added asphalt acts as a new binder toc hold
the aggregate and the old hardened asphalt together. This would be okay if engugh
emulsion is added and there was a way to mix it. However, more would be required
to do the job and the ‘Tesulting cost would be higher. An over asphalted pavement
couyld result.

QUESTION: - Why shouldd 1 speeify a vibrating or oscillating screed as part of
the surface recycling equipment train?

The surface recycling process enables you to buy the equivalent of 3/4 inch of
hot mix in place at $18.00 per ton or less. A teal bargain in face of today's
cost of $30.00 per ton or more for new mix in place. The $18.00 per ton cost

includes scarification, screeding and compaction followed by a recycling agent.

Scarification to nine pounds provides one and one quarter inch of loose mix which
must be leveled and compacted while still hot. It looks and behaves like new
asphalt concrete and conseguently should be treated in the same manner. You
would not think of laying het mix without specifying a screed. Therefore, it
makes good sense to benefit from past’ experlence and spec1alty equipment which
consistently produces quallty work.

QUESTIUN: Why should I spe01fy two- heater scarlfyer mach1nes instead DF a
. performance orlented spe01flcat10n whlch requ1res nine pound
. scarification?’

Two machines operating in tandam versus one will save money and reduce traffic

control problems. The explanation is straightforward! Assuming scarification
to nine pounds, two machines will complete the job in half the time. This means

~15-



there will be fewer days expense, i.e., $1,200.00 per day or more for ancillary
equipment such as screed, roller, spreader truck, and traffic control. Two
machines allow the pavement to be intermittently heated with an appropriate
"soaking" time which allows conductive heating between particles. The contractor
can achieve specification with two machines with no greater cost of operation

per square yard. More important, two machines will provide -greater assurance

the contractor will be able to achieve nine pound plus scarification, uniformity
of temperature, and stay within air quality regulations. .

QUESTION: Why should I use the surface "Recycling Process" instead of the
older "Train Method" of heater scarification?

Surface recycling is an entirely new process which restores an inch or more of
pavement to its original quality and replaces one inch of overlay. It provides
eight years of maintenance free 1ife at from 20 to 40 percent savings over

alternate maintenance procedures. The earlier "Train Method" of heater scari-
fication was basically a quick surface preparation for an overlay. It did improve
bonding of the new overlay. However, the heat penetration and depth of scarification
was limited and, consequently, there was insufficient loosened recycled material

to warrant leveling and compaction. It was most appropriate to follow this

surface preparation with an immediate overlay.

Since surface recycling replaces an inch of overlay instead of only preleveling
the surface, the economic benefits are much ‘greater. There is an inch and one
quarter of loose hot mix to work with which dictates redistribution with an
occilating or vibratory screed. This eliminates the need for leveling with

costly new hot mix but requires immediate compaction treatment with a prieumatic
roller. The pavement is then treated with a recycling agent and opened to traffic.
The wearing course is applied several days or several weeks later.

Usually, the surface recycling equipment train moves at a much slower speed than

a paver applying a thin overlay. Consequently, both processes can operate at
optimum efficiency when working separately. Trafficcontrol is more easily

handled when the processes are separated. Inspection, quality control and traffic
control are readily accomplished when the processes are separated.
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APPENDIX A

BID SPECIFICATIONS
- FOR .
SURFACE RECYCLING

SCUPE :

The work covered by this section of the speciflcatlons consist of furnishing all labor,

equipment and materials and performing all operations in connection with heatlng, scari-~
fying, leveling, compacting, and applylng a recycling agent preparatory to receiving an

asphalt concrete overlay.

ELEANING

Prlor to commenc1ng heater scarifying operations, the pavement shall be cleaned of all
loose material. Power brooms shall be supplemented when necessary by hand brooming and
such other tools as required to bring the surface to a clean suitable condition, free

of deleterious material. Any required patching work shall be completed prior to beginning
the process. .

EQUIPMENT

1) The equ1pment used to heat and scarify asphalt surFace shall be fueled by liquified
petroleum gas. It shall fully meet the standards of the State and Local Bureau of Air
Pollution Control. The combustion chamber shall be insulated, rear wheel positioned
and equipped with burners rated at a minimum of 15,000, 000 BTU's per hour. The machine
shall be equ1pped with two rows of sprlng-equallzed scarlfler leveling rakes, removable
teeth incorporating an automatiec release for manhocle and valve protection. A competent
operating crew, including a service vehicle shall be provided.

2) The equipment used to distribute and 1eVel_the scarified material shall be approved
paving machine equipped with an operating vibrateory or oscillating heated screed. The
machine must be capable of screeding the full width of scarified materlal A competent
operating crew shall be’ prov1ded _

3) One twelve (12) ton or greater pneumatic-tired roller andloperator shall be furnished
to compact the scarified material. The conhtractor may furnlsh another type compactor
of equal size if approved by the englneer.

a) One asphalt, cab—eontrolled liquid spreader w1th operator shall be furnished to
distribute the asphalt recyollng agent. -

CONSTRUCTION DETAILS

A minimum of two heater units will be utilized in tandem so that the heat emitted and
the rate of travel will achieve specified requirements. The number of additional heater
units shall be determined by the contractor; however, only the scarifier rakes on the
final heater unit of the series shall scarlfy. A minimum production of 1,200 square
yards per hour shall be requ1red. - ~ '
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The existing asphalf surface shall be heéted_from 6 tc 12 inches wider tgan the width -
to be processed. The temperature of the scarified material shall be 300°f maximum when
measured with a stieck thermometer behind the scarifier. . :

The weight of existing asphalt surface has been estimated to be approximately 144 pounds
per cubic foot. On this basis, a minimum of nine pounds per square foot of existing
surface shall be scarified to obtain a depth of between 3/4 and 1 inch. If tests indicate
that the material weighs either less than 137 or more than 151 pounds per cubic foot, the
weight per square foot requirement will be adjusted accordingly by the engineer.

* The scarified material shall be distributed and leveled only the width processed and be
‘rolled immediately while it possesses sufficient heat to be properly compacted. As
 spon as possible, but no more than eight hours after compaction, an asphalt recyeling
-agent selected from below shall be applied undiluted. The rate of application shall be
determined by the engineer, based on pre-construction laboratory analysis and adjust-
ments for varying field conditions.

TESTING AND CONTROL

The bidding agency will employ the services of a qualified laboratory to obtain the follow-
ing data.  Abson recovery tests shall be made on representative cores prior. to construction
to obtain asphalt penetration (ASTM D-5) and to determine results of treating binder with
varying quantities and grades of recycling agents per the following specifications. No work
shall be undertaken until the labeoratory report has been approved by the Engineer. The
cost of testing and preparation of reports shall be included in the cost per square yard
for surface recycling. The number of cores required shall not exceed one (1) per 10,000
square yards of treated pavement.

ASPHALT RECYCLING AGENTS

The asphalt'recycling agent shall be composed of a petroleum base oil uniformly emulsified
with water and shall conform to the following physircal and chemical requirements.

Test Method Requirements
Light Grade Medium Grade
: ' (Reclamite) (Cyclogen ME)
- ASTM AASHTO __ Min. Max. Min. Max.

- Tests on Emulsion

Viscosity @ 770F, SFS D244-T77 1 T59-74 1 15 85 15 85
Residue, % o D244-77(Mod)™ T59-74(Mod) 60  -- 60 -
Cement Mixing Test, % D244-77 2 T59-74 2 - 2.0 - 2.0
Sieve Test, % : - D244-77(Mod)” T59-74(Mod) _— 0.1 - - 0.1
Particle Charge Test D244-77 159-74 Positive Positive
Tests on Base 0113
Original . o - . : .
Viscosity @ 140°F, c5t D2170-76 T201-74 ' 80 " 500 1000 4000
Flash Point,aCDC, oF D92-78 T48-74 400 - 450 -
Saturates, % ' D2007-75 ——— -- 30 - 28
Asphaltenes, % 02006-70 —_— _ e 1.5 - 2.0
PC/S Ratio? ~ D2006-70 — ' 0.5 - 0.5 -
Maltenes Distribution _ :
Ratic = D2006-70 - 0.2 1.0 0.2 1.2
(PC + A/(S + A,)° ' :
Test on Residue From ‘
RTF-C Oven Test @ 325°F  D2872-77 T240-73
'Viscosity Ratio® © D2170-76 T201-74 -~ 3.0 2.5
6.5 2.0

RTF~C Oven Wt. Change, % D2872-77 T240-73 —
' ‘ -20=



17 ASTM D244 MuleledDEVapcratlon Test For percent residue is made by heating 50
gram sample ko 300°F unmkil Foamlng ceases, then caool 1mmedlately and calculate

results..

2 1'Test procedure 1dent1cal withy ASTM D244 except that distilled water shall be used
~ in place of 2% sodium oleate selution.

3 ValueS‘obtaaned'on-theAemumsinn“s:residue~may'vary'siightfyrFromrthe base oil.
4 ASTMDZDDé—?Ocan be used far the determination of saturates.

> In the Maltepes Distribution Ratlm Test by ASTM Method DZ2006-70

' First Aeidaffins

]

PC = Polar Compounds: KI

AZ

6 Viscosity Ratio =

. Second: Acidaffins 5 Saturates
RTF-€ Viscosity @ 140°F, eSt
Original Viscosity @ 1487F, cSt

A
A

PROTECTION OF EXISTING IMPROVEMENTS

Since high temperatures are required im the surface recyclking operation, Contractor shall
exercise care against possible injury or damage to existing improvements. Contractor
shall protect all existing curbs, gutters, trees, shrubbery and other improvements from
damage. The smaller parkway trees shall be profected by shields and overhanging trees
may be sprayed with water te inhibit damage. No machime with an open flame exhaust

will be permitted. Existing improvements damaged by the Contractor shall be repaired

or replaced to the satisfaction of the City Eng;neer at no cost to the City.

AIR QUALITY PRESERVATIIN

Contractor shall minimize the escaping of solids Inte the air by either the machine or
burning of pavement during the operation. The machine shall be operated under a permit
" of the local Air Quality Control District. Im the evemt that an emission problem
develops, it may be necessary ta remove the comtaminate by cold planing. No additional
compensation will be allawed for anmy steps required to reduce emissions. :

MEASUREMENT AND: PAYMENT

Cost of pretreatment, 1nclud1ng cleanlng” heatlng, scarifying, Yeveling and compacting,
but excluding xecycling agent, shall be paid for In square yards of surface area covered
regardless of the number of operations invalved ta meet these specifications.

Asphalt recycling agent paid for by weight shall be weighed on sealed scales, regularly
inspected by State Bureaw of Weights and Measures, or may be measured in some other
approved manner. A load slip shall be furnished for each vehicle weighed and slip
shall be delivered to the Engineer at point of delivery of material. Asphalt concrete
overlay required shall nat be paid far under this section. .
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APPENDIX B

' Coast
AIR QUALITY MANAGEMENT DISTRICT

DISTRICT HEADOUARTERS
P4320 TZLETAR AVENUL KL MONTE CALIFGRWIA S1731 * 4213) £43.3831

RULE 1120 -~ ASPHALT PAVEMENT HEATERS
. (adopted August 4, 1978)

A person shall not operate an asphalt pavement surface heater or an asphalt heater-—
remixer for the purpose of maintaining, reconditioning, reconstructing or removing
&sphalt pavement unless all of the following requirements are met:

a) Black or gray smoke emiqsions of more than 60 consecutive seconds duration shall

‘ nmot be discharged to the atmosphere and in aggregpate, black or gray smoke emis-
slons shall not exceed a total of three minutes in any one hour of heater opera-
tion.. For the purpose of this rule, black or gray smoke is to be viewed by an

observer at the point of greatest opacity.

b) Visible emissions of more than 40% opacity, other than black or gray smoke,
shall not be discharged to the atmosphere for a period or periods totalling
more than three minutes in any ome hour. For.the purpose of this rule, visible
emissions are to be viewed by an observer at a point no lwer than 36 inches

above the pavement.

c) All units of equipment are fired with gaseous fuels that do not contain in excess
of 80 ppm by volume of sulfur compounds calculated as H»S, or with diesel fuels
that do not contain more sulfur than specified by the California Air Resources

‘Board.

d) Grease, crack pouring materials or oily substances that burn or produce smoke
are removed by mechanical grinding, by cold planing or by other mechanical
means prior to the use of the heating equipment on the contaiminated area.

e) Asphalt pavement st the work site is cleared of paper, wood, vegetation and
other compustible refuse prior to operation of the heating equipment.

£) The Executive Officer is notified of am operation using pavement heaters within
10 days after a contract is signed authorizing such work and again, at least 24
hours before an operation starts. Each notification shall describe the location,
estimated starting time and an estimate of the time to complete the work.

) The equipment is operated only during days on which open burning is allowed.
However, an operation that begins on a day when open burning is allowed, may be
continued on. successive days whether open burning is allowed or not allowed.
Information concerning whether a proposed operating day meets the criteria
gpecified in this subparsgraph (g) may be obtained from the Executive Officer
or his puthorized representative.
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COLD RECYCLING DEFINITIONS

Co]d Mix Asphalt Pavement Recycling - « The re-use of the entlre
existing pavement structure including, in some cases,
~ the underlying untreated base material. The processing.
-can be either in place or processed at a central plant,
The materia's are mixed cold and can be reused as an
aggregate base, or an asphalt base wnth the addition of asphalt
or other additives. :

in Place Cold Recycling - - Pulverizing the pavement section,
Adding and mixing stabilizers, Fine Grading, Compaction,
and Curing. All Work is done on the grade without any
transport of the subject materials,

Central Plant Recycling - - After pulverization the adding and
mixing operations are completed in a central plant in
lieu of traveling type mixers. The subsequent fine grading,
compaction and curing are still the same.

Puliverization - = The breaking up and sizing of the material to
be recycled. :



EQUIPMENT FCR COLD RECYCLING

_GENERAL: There are available a number of different types of machines to accomplish
Cold Recycling. A review of the various types of crushing, mixing, spreading, and
compacting equipment is presented in this chapter.

CRUSHING EQU|PMENT

1. Grid Rollers:

a roller with open-mesh # with 2" to 4" openings, normally used to
reduce scarified seal coats and thin plant mix asphait 1" to 1%'.

2. Impact-Ripper, Cutter, Crusher:

“an tmpact roller used on a grader blade or with rear scarifiers normally
used to reduce seal coats and thin plant mixed asphalt 1% to 2'. Also used
to reduce thick plant mixed asphalt 3! to 6" so |t can be further reduced uSIng
~a hammer-mill.

3. Hammer-MiIls:
either tow type or self-propelled can reduce most asphalt materials

from seal coat to 6' + plant mix. It is also used as a rock crusher handling
stone to 18" diameter. It can reduce these materials to 2!' - material.

5., Roto-M:lls-

these machines can reduce all asphalt plant mixed materials to a depth
of 6'" to 8' and reduce this material to a one to 1" ;

Regardless of the type of equipment used, the following end result spec could be
used as a guide line:

-When the use of Crushing equipment is specified in the proposal the equipment
shall be approved by the engineer. The machine shall be of a type designed by the
manufacturer specifically for reduction of pavement material, in-place and be capable
of reducing the pavement material to the specified sizes. The material must pass a
2" screen, except that 57 oversize wull be allowed as long as it is not detrimental
to the job. : .

MIXING EQUIPMENT

TRAVEL PLANTS: Travel plants are self-propelled pug-mill plants that proportion
and mix aggregates and asphalt as they move along the road. There are two general
types of travel plants-

1. One that moves through a prepared aggregate windrow on the roadbed, adds and
mixes the asphalt as it goes and dascharges to the rear a mixed windrow ready
for aeration and spreading.

2. One that receives aggregate into its hopper from haul trucks, rotomills, or
‘windrow pick-up machines, adds and mixes asphalt and spreads the mix to the
rear as it moves along the roadbed (see attached pictures 1 & 2).
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Certain features and performance capabilities are common to all travel plants,
enabling them to operate effectively and to produce a mix metting design and spec-
ification criteria. To begin, the tracks or wheels on which the machine moves must
be so sized, designed and positioned that they do not damage or rut the surface on
which it operates when the plant is fully loaded. The basic purpose of the travel
plant is to mix asphalt and aggregate. Some machines are equipped with devices that
maintain the proper proportions automatically. Others, however, require that a un~
iform speed be maintained to ensure uniform proportioning. Regardless of the type,.
the manufacturer's recommended procedures for calibrating and operating the travel
plant should be followed carefully Finally, the efficient travel plant should be
capable of thoroughly mixing the asphait and aggregates, uniformiy dispersing the
asphalt and adequately coating the aggregate particles, thus producing a mixture
that is uniform in color.

Hopper type travel plants, and in some cases, windrow plants, require devices
for ensuring accurate control of the flow of aggregates from the hopper to the pugmill
so that correct mix proportions are maintained. Feed of asphalt to the pugmill
similarly requires accurate calibration, Typically, a-positive displacement pump
is necessary to deliver asphalt to the mixing chamber via a spray bar.

ROTARY-TYPE MIXERS: 7
1. Multi=Shaft: (Pic. 1 & 2)
Multi shaft mixers are so designed to:

1. cut in-place material to the proper depth
2. remove this material from the road bed and pass it through a liquid
asphalt spray
3. to blend this materaal and asphait to a consnstant mix
This machine has a p05tt|ve'd:spiacement pump that is controlled by the fore-
ward speed of the machine and a meter to determine the proper amount of 1iquid being
distributed.

2. Single~Shaft Mixers: _
a, clockwise rotation (Pic. 1)

a single shaft mixer that cuts down and puts material in front of the
shaft so it is continuously remixed. Can be fitted to have a built in aSphaIt
feeding system or can be used behind an asphalt distributor. Has good mixing
abiltity but positive depth control can be a problem.*

b. counter clockwise (Pic. 2)

although the up-cut single shaft mixer uses less power. the material does
not remain in the mixing chamber as long as the clockwise machines, therefore,
it can take more passes to get a satisfactory mix. These machines can also
be fitted to have a built in asphalt feeding system or can be used behind an
asphalt distributor. Again positive depth control is a problem.*

* Positive depth control is a problem because after the first pass the material;
i.e. gravel, is in a fluffed position and the weight of the machine and- addltlonal
passes will either raise up on this material requiring more depth or compact this
material too much requiring less depth.
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Both types of machine have the common capability of effecting a smooth bottom
cut and then b¥ending the material with asphalt into the mixture specified, But
each type individually is marked by certain devices and features that enable it to
perform, Machines with buift=-in asphalt feeding must have the capability for accurate
metering and blending of asphalt into the in-place materials in synchronization with
a continuous forward movement. Furthermore, they must have spray bars that will
distribute the liquid uniformly across the mixer's width., They must be equipped
with controls for both depth of cutting and processing and for spreading the mixed
material benng taid out behind.

Rotary mixers without asphalt spraytng equipment generally feature controls that
permit adjustment of cutting depth to at least 25 cm (10 inch) adjustment of tail
board, and adjustment of the hood itself for aeration purposes.

MOTOR GRADERS: Blade mixing is the on~site mixing of asphalt and in-place materials
on the roadbed by a motor grader. The asphalt is applied directly ahead of the
motor grader by an asphalt distributor.

: For most effective blade mixing, the motor grader-should have a blade at least
3m (10 ft) long, and should have a wheelbase of at least 4.5 m (15 ft). Motor
graders used for final layout and finishing of the surface should be equipped with
smooth, rather than treaded, preumatic tires. Scarifier or plow attachments may
be mounted before, behind, or both before and behind the blade.

ASPHALT DISTRIBUTOR: The asphalt distributor is a key piece of equipment in cold
mix construction, particularly when rotary mixers without buiit-in asphalt feed are
used, or when blade mixing is utilized, The asphalt distributor, either truck, or
trailer-mounted, consists of an insulated tank, self-contained heating system, a
positive displacement pump, and a spray bar and riozzles through which the liquid
asphalt is applied under pressure on to the prepared aggregate materials.

Asphalt distributors range in perfarmance and capability, with some capable of
spreading up to 4.5 m {15 ft) at controlled rates to as high as 13.5 litre/m2
a gal/de)

It is important to keep an adequate supply of asphalt at or near the jobsite
to avoid delays. In rural areas, it may be advisable to have an asphalt supply
truck at the project.

WINDROW SIZERS: In roadbuilding, a windrow is a long, narrow bank of uncompacted
material on the roadbed, shaped to size with a spreader box, windrow sizer, pro-
portioning windrow box, or a motor grader. |f cold mixes are to be prepared by
road mixing, accurately sized windrows are essential to ensure that the required
thickness of pavement is constructed without resortlng to spotting, picking up,
or otherwise shnftnng the mlxture.

SPRgﬁDING EQU IPMENT

MOTOR GRADER: When a motor grader is used to spread asphalt cold mix, it shouid
be checked carefully before putting it into service.

The cutting edge of the blade should be sharp and must be straight from end
to end to produce the required cross section. The blade should be long enough to
ensure flnnshlng to close transverse tolerances. Usually, 3.7 or 4 m (12 or 13 ft)
blade is used.

The JOtntS and 1inkage of the blade suspension system should be snug and free
from excessive wear. Otherwise, the blade may vibrate or allow irregular pressure
during operation and result in surface irregulfarities. Also, the mold board and
cnrcie gear may settie ‘when the-machrne stops or they may climb whn]e spreading.
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The motor grader should be heavy enough to hold the biade firmly and uniformly
on the surface while spreading the mixture. The wheelbase should be long enough
to permit planing to close tolerance. 0On surface courses, the tires should have
smooth treads to keep from leaving 'ug marks in the pavement. And the engine should
" be powerfu! enocugh to propel the machine without straining when spreading the

mixture. :
Automatic controls ‘that hold the blade to a set transverse slope regardiess of

vertical movements of the grader wheels are available.

TRAVEL PLANTS: Automatically spread to proper grade and cross section.

AUTO GRADER: (Pic. 1) can either spread directly from the existing grade or from
a windrow. :

PAVERS: When equipped with & windrow loader can also be used to spread from a
windrow. L

GRAVEL SPREADERS: that attach to bull dozers or graders can be used to spread
windrows,

COMPACTING EQUIPMENT

PNEUMATIC-TIRED ROLLERS: Prneumatic-tired rollers used for compacting cold mixes
should be the self-propelled tandem type. They can have two to seven wheels in
front, four to eight in rear, and the wheels should be free to oscillate vertically.
- They range in weight from 2.7 tonnes (3 tons) empty to 32 tonnes (35 tons) with

wet sand ballast. _ _

A pneumatic-tired roller's weight, by itself, is but one factor in its compac-
tion effectiveness. Other factors that affect ground pressures are wheel loads,
inflation pressure, and contact area of the tire.

Smooth tires should be used on the roller as treaded tires may leave tread
marks that cannot be removed by the final rolling. The contact area of the tire
may be adjusted for a given wheel load by increasing the inflation pressure; or it
may be adjusted by leaving the inflation pressure unchanged and increasing or
decreasing the wheel load. The inflation pressure of the tires usually will be
specified with these pressures maintained within +/- 34 kPa (+/- 5 psi).

STEEL-TIRED ROLLERS: There are two basic types of steel-tired rollers:

1. Three-wheel rollers, equipped with two drive wheels, usually 150 to 180 cm
(60 to 70 in.) in diameter by 50 to 60 cm (20 to 24 in.) wide, and a steering
roll, smaller in diameter, but wider. Weights vary from 7.2 tonnes (8 tons)
up to 14.5 tonnes (16 tons). Some steel-tired rollers have wheels to which
ballast may be added to increase effective weight.

2. JTandem Rollers, twe-axle, available in weights ranging from 2.7 to 13.6 tonnes

(3 to 15 tons) or more, They generally have balliastable wheels. Although

portable tandems are available, with weights in the 2.7 to 5.4 tonne (3 to 6 ton)
range, most projects require roliers of 7.2 tonnes (B tons). Generally, weight
exerted by the rear roll should be not Tess than 438 N/e¢m (250 1lb./in.) of roll width.
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VIBRATORY ROLLERS: Vibratory rollers are made with one or two smooth~surfaced

steel wheels 90 to 150 cm (36 to 60 in.) in diameter and 120 to 245 cm (48 to 96 in.)

in width. These rollers compact by a combination of static weight and dynamic force,

with the frequency and amplitude of the force being adjustable. Usually, high

frequencies are desirable for asphalt mixes. Both the amplitude and frequency are
—varied for the particular mix being compacted. In many cases, the best combination

is determined on field test panels prior to construction. Vibratory rotiers should

be equipped with a drum-wetting system and @ power hydraulic steering system. If

a single drum vibratory roller is to be used it should have smooth tires and both

the drum and the tires should have a wgtting system,




i ONSTRUCTION PROCEDURES

1. CRUSHING.

~When the use of crushing equiprient is required, the equipment shall be an
approved rotary reduction machine having positive depth control adjustments in
increments of one-half inch and be canable of reducing material which is at

least six inches in thickness., The wahine shail be of a type designes by the
manufacturer specifically for redvct: o dnosire ot pavenent material to the

specified size. The cuttina drum shall be encloewcd ‘and shall have a sirinkling
system around the reduction cha~ber for pallutioe controt. The rate ' ‘uvreward

speed must be positively covtrcdlad i rdor tooeieore crnsistent sis . f reduced
material. The machine shcute be cduitpod wits o ascurate tachoretler ooich is
mounted in full view of the vierator, The cru: irn cauipment shall no.t. the

approval of the engineer. The materiul to be recveled shaltl be scarificd and
uniformly crushed to a maximum size of 29, except that 9% of the matericl is not
so large as to adversely affect the starility and structural integrity cof the
mixture nor hamper the shaping operatinsns, :

Crushing Equipment:

1. Grid Rollers: HNormally usecd i reduce :eol coat and thin asphalt mats
1" to 1%, Will reduce only to appror. 2'' size.
2. Ripper, Cutter, Crushers: Hormally uscd to reduce seal coats and thin

plant mixed asphalt 1" to %", Can alsc be used to reduce plant mix
asphalt for further reduction with & ha-ner-mill.

3. Hammer-Mills: Can reduce most asphalt materials from seal coat to 6"
depth plant mix asphalt, to -1 material.
4. Roto-Mills: Can reduce all asphalt materials to pass a -1' graduation.

Mixing Equipment:
a. Blade Mixing.

b. Travel Plants.
1. Windrow Mixers

2. Removed Material Mixers

c. Rotary-Type Mixers.
1, Multi-shaft Mixers

2. Single shaft
' a. Clockwise Rotation

v. CLounter Clockwise noter o 0



The material shall be crushed in one or :.uro ~45s5¢s 1o Lthe depth specified on
the plans or in: the proposal. The maximum length or width of roadbed to be
crushed at any one time shall be as directed by the engineer. Normally this will
be 'the amount that can be: recycled in one day.

WEINDROWS: Several types of cold-mix construction require that the aggregates
be placed in windrows prior to mixing and’ spreading. [If windrows are to be used,
the: roadway must be cleared of all vegetation to a width sufficient to accommodat ¢
both windrow and traffic while the mixture cures. Because thec thickness of the
new pavement s directly proportional to the arount of aggreoate in the windrow(s).
«ccurate control and measurement of fhe volu e of the cindr..ood ratoriel is neceo.
Usua:l ly, there is. mot endugh lkoose rmaterial on the r.ad corface to use in the
In this case, it is best to blade the Foose material on 1o the shoulde

road mix.
Flo- 4 it seith

rother than perform the several operal ity UVl are neces. o
riiterial brought in from other source: .

Somet imes, however, incorporating tic FETing materie! o reedbed inte
tie mixture; is considered practical, if i' i« uniform and woouybois available.
When this is done, the Foose aggregate first must be bladed intou & vindrow and
measured. Next, it must be made to meet grading specificatioic by adding other
aggregates as necessary. Finaltly, the windrow is built up to the required volu
with imported material that meets the specif ications. o

If two or more materials are to be combiined on the road Lo be surfaced, each
should be placed in its own windrow, These windrows are then mixed together thoo-
oughly before asphalt is added. :

CONTROL OF ASPHELT: Asphalt is: added’ to the aggregate from an asphalt distributor
or by a travel mixer, Whichever method is used, close control of quantity and
viscosity is required to ensure a proper mixture. Maintaining the correct viscosity
is. critical because the asphaltic material must be fluid enough to move easily
through the spray nozzles and to coat adequately the aggregate particles. Penetration
asphalts, and occasiomally emulsified asphalts, even though already fluid, require
some heating in order to bring them to a viscosity suitable for spraying. |If the
proper grade of asphalt has beem used, and the mixing is done correctly, penetratioun
or emulsified asphalt wil¥ remain fluid until the completion of mixing.

As the actual temperature of the mixture is controlled by that of the aggregatc,
care must be taken to see that mixing is not #ttempted at aggregate temperatures
below 10™C (50°F). When using penetrationm grade asphalt the temperature of the
Fiquid asphalt should not fall befew 350°C.

2. MIXING.

Travel-Plant Mixing, Travel-plant mixing offers the advantage of closer
control of the mixing operation tham is possible with blade mixing.

With the windrow-type travel plant, the machine moves along the windrow, picking
up the aggregate, mixing it with asphalt in a pugmill, and depositing the mixture
in 8 windrow, ready for aerating or spreading. For this type of plant, the asphalt
apptication rate must be matched accurately with the width and thickness of the
course, forward speed of the mixer, and the density of the in-place aggregate. As
the thickness: is specified, the demsity is fixed, and the asphalt application rate
Is set, the variable is the forward speed.

If the aggregate windrow is so large that all of the asphalt cannot be incorp-
ordted in one mixing pass, it should be split into two or more windrows and the
'proper amount of asphalt added to each windrow as it is mixed.
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" ‘Somet imes, further mixing of the windrowed material may be necessary after
ddition of the asphalt. Unless the travel mixer can be used as a multiple
lixer, this additional mixing usually is done with a motor grader. This
isiires that all of the windrowed material is incorporated into the mix. It also
“aerates the mixture for the removal of diluents.* The number of passes with the
motor grader required for this purpose varies with dirrerent job conditions. After
the mixing and aeration procedure is completed, the windrow should be moved to one

side of the area to be surfaced in preparation for spreading.

Hopper Mixer. The hopper-type travel plant operates by mixing, in its pugmill,
the proper amount of asphalt with aggregate that is deposited by haul trucks, roto-
mills or windrow loaders, directly into the plant's hopper; then it spreads the
mixture. Except when using open-graded mixtures, care must be taken to ensure
sufficient evaporation of diluents from the mix prior to compaction,*

Rotary Mixing. As with windrow travel plants, rotary mixers equipped with
built-in spraying systems require that the asphalt application rates be matched
accurately with the width and thickness of the course, forward speed of the mixer,
and the dentity of the in-place aggregate. However, when utilizing a rotary mixer
not equippéﬁ@with spraybars, an asphalt distributor, operating ahead of the mixer,
applies,agﬁ%ﬁlt to the aggregate. Incremental applications of asphalt and passes
of the,mhﬁé? are usually necessary to achieve the specified mixture.

“.Most"rotary mixers are now equipped with a spray system. When using this type

er the following steps are recommended;

Spread the aggregate to.uniform grade and cross section with motor graders.

2. Thoroughly mix the aggregate by one or more passes of the mixer. When
ready for the asphalt the moisture content of the aggregate should not
exceed three (3) percent, unless laboratory tests indicate that a higher
moisture content will not be harmful when the asphalt is added.

3. Add asphalt in increments of about 2.25 litres/m2 (0.50 gal/sq yd) until
the total required amount of asphalt is applied and mixed in. A total of
0.7 to 1.1 litre/m2 per centimetre (0.4 to 0.6 gal sq yd per inch) of com-
pacted thickness of the course is usually necessary. TF the mixer is not
equipped with spraybars the asphalt usually is applied with an asphalt

distributor.

4. Make one or more passes of the mixer between applications of asphalt, as
necessary to thoroughly mix it in. .

5. Maintain the surface true to grade and cross-section by using & motor
grader during the mixing operations.

6. Aerate the mixture by additional manipulation, if needed.*

Blade Mixing. With blade mixing, the imported or in-place material is shaped
into a measured windrow, either through a spreader box or by running through a
windrow shaper. The windrow is then flattened with the blade to about the width
of the distributor spraybar. The asphalt is applied by successive passes of the
asphalt distributor over the flattened windrow, each application not exceeding

3.5 litre/m2 (0.75 gal/sq yd).

* Indicated by a marked color chanye frum usuwn to black.
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After each pass of the distributor the mixture is wcrked back and forth oo, o
the roadbed with the blade, sometimes aided by auxiliary mixing equipmuent. Fricr
to gachk succeeding application of asphali, the mixture is re-formed inte a 1ot
windrow.

The material in the windrow is sugjected to as many mixings, spreading., sbap’
and flattenings, as are needed to disperse the asphalt thoroughly throughout the
mixture, and to coat effectively the aggregate particles.

‘During mixing, the vertical ancle of the mold board may require adjustrent fr.
time to time in order to achieve a complete rolling action of the windrow as it i~
warked, “As large a roll as possiblc should be carried ahead of the btade, since
pressure from the weight of the & -renate facilitates mixing.

“Additionally, during mixing, ¢.r¢ must be tanen to see that neitior exira
material ‘be taken from the mixing t.hle and incorporated inte the wirdrow ror ary

of the windrow pe lost over tre woo of the risitg table or Teft on tre b ine tor b
without being Lreated.
Somet imes, when cutbachk aspheltl is usced, the formation of Yoil ball-.' i.¢.,

concentrated clusters of fine aggreiste saturated and coated with excessive amcunis
of asphalt can make a mix difficult tc spread and compact. This conditicr c¢an be
corrected by windrowing the mixture into a tight windrow and allowing it tc¢ cure
for a few days.

~ After mixing and aeration have tuven completed, the windrow is moved to cne
side of the ‘roadbed in readiness for subsequent spreading. Ifiit is left for any
length of time, periodic breaks in the windrow should be cut to ensure drairace
of rainwater from the roadbed. :

3. AERATION.

Before compaction, most of the diluents that have made the asphalt cold
"mix workable must be allowed to evapcrate. {n most cases, this occurs during
mixing and spreading and very little additional aeration is required. But, extra
manipulation on the roadbed is needed occasionally to help speed the process and
dissipate the excess diluents, Until the mix is sufficiently aerated, it usualiy
will not support rollers without excessive pushing under the rolls. Generally,
the mixture is sufficiently aerated when it becomes tacky and appears to '‘crawi'l,

Many factors affect the rate and the required amount of aeration. Fine-grained
and well-graded mixtures will require longer aeration than opertgraded and coarse-
grained mixtures, all other things being equal. Also, If an asphalt cold-mix base
course is to be surfaced within a short length of time, aeratioh before compaction
should be more complete than if the course is not to be surfaced for some time; the
surface acts as a seal, greatly retarding the removal of diluents.

Emulsified Asphalt Mixes. Experience has shown that breakdown rolling of
emulsified asphalt mixes should begin imnediately before, or at the same time as,
the emulsion starts to break.* About this time, the moisture content of the mix-
ture is sufficient to act as a lubricant between the aggregate particles, but is
reduced to the point where it does not fill the void spaces, thus allowing their
reduction under compactive forces. Also, by this time, the mixture should be
able to support the roller without undue dispiacement.

Penetration Asphalt. When using penetration grade asphalt it must be used with
a multi-shaft or travel plant. It is not necessary to aerate this type of material.
When mixing with penetration asphalt a better mix can be obtained by adding water or
aerateing the material to be mixed until the moisture content is between 3% and 7.,
If over mixed or aerated the asphalt emuision will have a tendency to break out and
‘the miv wil]l herame punstable, |

“*indicated by a marked color change from brown to hlack.



Spreading and Compacting., With mixing and aeration completed, spreading
and compacting the cold mix follows. Achieving a finished section and smooth
riding surface conforming to the plans is the objective of these final two
construction steps. _

The mixture should always be spread to a uniform thickness (whether in a
single pass or in several thinner layers) so that no“thin spots exist in the
final mat. Mixtures that do not require aeration may be spread to the required
thickness immediately after mixing, and then compacted with pneumatic-tired
vibratory, or steel-tired roliers, or combination there of.

Mixtures that require aeration, however, generally are deposited upon the
roadbed in windrows and then are spread [rom these windrows, The windrow may be
placed along the centerline of the road, or along one side if the mixture is to
be spread by blade. Because there is a tendoncy to leave a hump in the road
when blade spreading from a centerline windroy, it is considered better practice
to place the windrow to the side Tor spreading.

Blade Spreading should be accomplished in successive layers, with no layer
thinner than about 1.5 times the diameter of the maximum particle size. As each
layer is spread, compaction should follow almost immediately with a pneumatice
tired roller,

Because the tires of the motor grader compact the freshly spread mix, their
tracks will appear as ridges in the finished mat unless there is adequate rolling
between the spreading of each successive layer. The roller should follow directly
behind the motor grader in order to eliminate these ridge marks.

1f, at any time during compaction, the asphalt mixture exhibits undue rutting
or shoving, roiling should be stopped. Compaction should not be attempted until
there is a reduction in diluent content, occurring either naturally or by mechanical
seration. . '

After one course is thoroughly compacted and cured, other courses may be placed
on it. This. operation should be repeated as many times as necessary to bring the
road to proper grade and crown. For a smooth riding surface the motor grader should
be used to trim and level as the rollers complete compaction of the upper layer.

After the mat has been shaped to its final required cross-section, it must then
be finish rolled, preferably with a steel-tired rotler, until all roller marks are
el iminated.

Sometimes, a completed course may have to be opened temporarily to traffic.

In this event, to prevent tire pickup, it may be advisable to seal the surface

by applying a dilution of slow-setting emulsified asphalt and potable water {in
equal parts) at a rate of approximately 0.45 litre/m2 (0.10 gal/sg yd). This should
be allowed to cure until no pickup occurs. For immediate passage of traffic, sanding

may be desirable to avoid pickup.

4. INSPECTING AND SAMPLING.

The final quality control of materials and construction methods must be accomp-
lished through on-the-job inspection. Sampling and testing must be done as required
by the specifications. The responsibility rests with the field personnel to see
that the materials used meet the requirements of the specification and that the
specified procedures are foltlowed.

Whatever process is used the depth control of the material being recycled is of
the utmost importance. One inch more or less can change the 7% of asphalt by 25%.
EXAMPLE: If you are planing 2 4'' recycled base and you crush and mix 3'' or 5" and
do not increase or decrease the amount of asphalt, you can readily see that you
will not get the end product required. The depth control can only be controlled
in the field and must be controlled continuously throughout the job.
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SUPPLEMENTAL SPECIFICATION

SHOULDER STABILZATION - BITUMINOUS
STABILIZED IN PLACE '

. .01 Descrrption. - This work sha11 cons1st of pulver:z1ng, crush1ng. adding new ~
new materiaT as required, shaping to the plan grade for stabilizing with bituminous
material, and shaping, rolling and compacting the stab111zed aggregate to the proper

elevation and slope.

.02 Materials. - The b1tum1nous materials shall meet the requirements specified
3n Division 8, as follows:

Bi tuminous Materials. . . . . e e e ... 8,08

MS-2h, Asphalt Cement: Penetration Grade 120-150, 200-250;
Viscosity Grade AC-5, AC-2.5

The bituminous material shall be appiied at the rate,as determined by the Engineer,
so that the residual bitumen added will be between 2 and 5 percent by weight of
the bituminous mixture. Residual bitumen content shall be computed based on the

residue of the bituminous material being applied,

When the bituminous material to be used is not specified on the plans or in the
proposal, the Contractor shall select one of the bituminous materials specified

above,

Aggregate. C e e e . e e e e e e e e

When aggregate is added, it shall be any 20 series aggregate with a maximum

loss by wash of 10 percent.

.03 Equipment Requirements:
a. Rollers - Adequate rollers will be required to provide the required dens;ty

wh11e the stabilized material is in a workable state,

b. Crushlng Equ1pment - When the existing shoulder consists of a bituminous mat
or a bituminous mat with Seal Coat, crushing equipment will be required. The
equipment shall be of rotary reduction, or hammer-mill type, or equipment approved
by the Eng1neer that is capab]e of reduc1ng the existing pavement material to the

spec1f1ed size.

¢. Mixers - Mixers shall be a combination pulverizer, mixer, and liquid distributor
and be self-propelled., The mixer shall be a single-pass stabilizer, combining a
cutting rotor, a blending rotor, and at least one mixing rotor in the mixing chamber.
The spray bar for distribution of the liquid shall operate in such a manner that

~all asphalt will be uniformly applied through the mixer at the time of mixing.
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The equipment for distributing the bituminous material shall be adjustable and
shall measure accurately the amounts of bituminous material being applied. The
bitumen pump shall be a positive displacement type puinp. It shall be equipped

in such a manner as to make it possible to check accurately the rate of application
of the bitumen at any time. The mixer shall meet the approval of the Engineer.

CONSTRUGTION METHODS

.04 Pulverizing, -~ The material shall be uniformly pulverized to a maximum
size of 2 inches, except that 5 percent of the material may be oversized, provided

‘that the oversized material is not so large as tn adversely affect the stability

and structural integrity of the mixture nc1 hamper the shaping operations. The

‘material shall be uniformly pulverized, in une or nore passes, to the depth spec-
.ified on the plans or in the proposal.

.05 Preliminary Shaping, - Preliminary.shaping will be required when the

ex1sting shoulder has to be pulverized or in areas where it is necessary to add

T

aggregate. When preliminary shaping is required, it will be done after the existing
shoulder has been pulverized and additional aggregate has been added to obtain the
established cross-section. The shoulder shall then be rough graded to the estab-
lished graded and cross-section.within a tolerance of $#3/4 inch. If maintenance
ridges are present, the ridges shall be bladed in such a manner to incorporate it

in the materidl to be stabilized. When additional aggregate is needed, it shall

be placed as directed by the Engineer, and be placed on the shoulder with an approved
shoulder spreader or other approved methods.

.OG'MiXing. - Prior to adding the bituminous material, the moisture content of
the pulverized material shall be adjusted by aerating or adding water as directed
by the Engineer. The bituminous material shall be added only to that material

which can be aerated, dried, completely mixed, and compacted in ones day. The

bituminous ‘material shall be added through the mixer at the rate and within the
temperature range directed by the Engineer. Areas where the single pass stabilizer
cannot be operated efficiently, (such as guard rail sections, bridge approaches, and
ramps) will be trenched and bituminous aggregate shoulders will be placed.

-07 Shaping, Rolling, and Compacting. - Shaping and compaction shall be done
while the bituminous material is in a workable state. The mixed material shall
be so shaped ‘that when compacted it shall be in reasonably close conformity with

‘the lines, grades, and cross-sections shown on the plans or established by the

Engineer. Excess material trimmed from the grade, during final shaping, shall be
used adjacent to the shoulder to complete the cross-section as shown on the plans.
This material used to complete the cross-section shall be incidental to the item
of Bituminous Base Stabilization and will not be pzid for separately or as another
1tem of work, as long as ‘it is not necessary to pick up the material and move it

to complete the cross-section., If there is material in excess of the quantity
required to complete the cross-section, and the material cannot be disposed of on
the adjacent slopes as directed by the Engineer, it wili be disposed of outside the
right-of-way. - If this material is picked up, it will be paid for under item of

‘Removal of Excess Material.
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Initial rolling shall be dore with a Pneumatic-tired roller or rollers, and the
final rolling shall be done with a vibratory roller or rollers. The aggregate-
bituminous mixture shall be compacted to not less than 98 percent of the unit

. weight obtained by the Department modified AASHTO T 180 test method. Such test
- shalY be made on the aggregate-bituminous mixture at the field moisture content

" existing during the compacting operation. Required density shall be maintained

until the material has been surfaced. Uhen ysing asphalt cement, the distance
between the adding of bituminous material in the stabilizer and final compaction
shall be kept to a minimum, so that compact1on is completed while the material

is in a workab1e state,

After final rolling, the Engineer wi]T test the surface longitudinally using

a 10' {ten foot) straightedge at selected locations. The varjation of the sur-
face from the testing edge of the straightedge befween any two contacts with the
surface shall at no point exceed 13/4 inch.

.08 Curing. - If the stabilized base is scheduled to be open to traffic prior
to p1ac1ng the surface course, it shall be cured a minimum of 24 hours before

opening to traff1c

. 09 Weather Limitations. - Bituminous material shall not be applied to the
aggregate when it is raining or the air temperature is lower than 50 deqrees F.

The stabilization work shall bé performed in the Lower Peninsula during the peribd
May 15 to October 15 and in the Upper Peninsula during the period June 1 and
October 1 unless directed otherwise by the Engineer.

. 10 Measurement and Payment. -~ The completed work as measured for Shoulder
Stabilization - Bituminous Stabilized in Place will be paid for at the contract
unit prices for the following contract items (pay items).

~ Pay item ' , Pay Unit
Shoulder Stabf]izationl- Bituminous . . . . . . .. . ... Square.Yard
'B1tum1nous Material - Shoulder Stabilization. . . . . . .. Gallon
Aggregate - Shoulder Stabilization. . . . . . .. ... . .Ton

Aggregate - Shoulder Stabilization (LM} . . C e e e e .Cubic Yard
" ‘Removal of Excess-Material (M) . .. e . . JCubic Yard

Shou]der Stabilization - Bituminous, to the depth specified, will be measured
1n square yard.

Bituminous Material - Shoulder Stabilization required for stabilization will be
measured by volume in gallons of residual bitumen at a temperature of 60 degrees
Fin accordance ‘with the methods specified under Measurement of Quantities, 1.09.01.
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*Aggregate=- Shoulder Stabilization - Ton. When additional aggregate is required,
the additional aggregate will be measured by weight in tons as Aggregate - Shoulder
Stabilization. The pay weight for the aggregate used will be based on the scale
weight of the material, provided the moisture content, determined at the time

of weighing, does not exceed 6 percent. If the material contains more than 6
percent moisture, the excess over 6 percent will be deducted from the scale weignt.
No correction or additions will be made to the scale weight if the aggregate
contains less than 6 percent moisture. The determination of moisture content and

pay weights will be as-specifigd under Measurement of Quantities, 1,09.01.

reqate - Shoulder Stabilization {(LM) - Cubic Yard. When additional aggregate
$ required, the additional aggregate wil] be measured in cubic yards, loose measure,
The method of measurement shall be 80

as Aggregate - Shoulder Stabilization {LM).
percent of the struck capacity of the truck box of the transporting unit.

Removal of Excess Material {LM) - Cubic Yard. When removal of excess material is
required to be picked up, Joaded, and transported in a truck, this material will
be measured in cubic yards, loose measure, as Removal of Excess Material (LM). )
This material is the property of the Contractor unless otherwise specified. The

method of measurement shall be 80 percent of the struck capacity of the truck box
of the transporting unit,

o
MR




RECYCLED ASPHALT THROUGH A BATCH PLANT

by Bill McCullough

. Our company, StllyFMiller Contracting Company, was successful in acquiring
"the first publicly bid job in Southern California containing recycled as-
phalt materials. This job had an end result specification which called
for a type 1-C 1/2" max. hot mixed asphalt pavement per the Green book.
The specifications read,"The contractor was to meet all requirements equal
to or better than the standard type 1-C mix." (See pg 12 Appendix for
specified gradation).

The job was located in the City of Carson. The Field Materials Laboratory
Engineer for the City was Fred Thompson. The Los Angeles County Road De~
partment Materials Laboratory, under the supervision of Joe Vicelja, co-
ordinated the qudlity control portion of the project. The recycled asphalt
concrete for this project was mixed in a batch plant using the Maplewood
process (Maplewood, Minnesota -1976). Our procedure was to take cores for
extractions. We evaluated the viscosity and gradation of the existing
pavement from which we were able to prepare a mix design incorporating new
aggregates to meet the specified gradation. Tests of the recovered asphalt
were made to determine if a soft paving asphalt or a recycling agent would
be required to meet the viscosity requirements. The existing streets were
excavated and transported to a remote locationwhere the asphalt concrete was
crushed and sized, then transported to a stockpile at the hot mix asphalt
plant site. Superheated virgin aggregates were used for heat transfer in
the pugmill.

~ HISTORY

Sully-Miller Contracting Company, primarily a highway contractor in Los An-
geles and Orange counties, had a series of problems with jobs in the early
sixties. The situation developed where disposal locations, which had been
anticipated for the disposal of rubble from street excavation, were una-
vailable by the time project was to be constructed, this resulting in ad-
ditional haul costs for these projects. We experimented with the idea of
crushing rubble as it was excavated from the street. We found this to be
.impractical because of changes in grades, utilities, noise, and timing.

“To overcome these problems, we developed a system of disposal locations
where the rubble could be transported; and, as the pile of material reach-
ed an adequate size, we would bring in a large portable crusher to reduce
the rubble to what was then called crushed miscellaneous base materials.

In our experiments of processes for reducing this material, we had worked
with hammermills, roll crushers, and ultimately decided upon a jaw and cone
combination. ' :
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" EARLY EXPERIMENTATIONS

In the early sixties, we exﬁerimented with processing concrete rubble sep-
erate from asphalt pavement as a potential aggregate source for our hot mix
asphalt pavement business. The processing, and necessary control, made this
system void of any ecomomic hdvantages. We also experimented with intro-
ducing a small percentage of crushed asphalt pavement into the raw feed of
our asphalt plant. The result was an extremely visible emission of smoke
from tﬁe stacks of the plant. At this time, the country's interest was
shifting to enviromental concérns and the fact that, in the early seventies,
a ton of paving asphalt was $é1.00, we felt that the problem of overcoming
the emission problems were not. economically advisable. In 1976, in Maplewood,
Minnesota, a project was sucesgful in introducing the recycled material into
the weigh hopper of a hot mix asphalt batch plant to receive a heat transfer
. from a preheated virgin aggregate as they were combined in a new mix.

The drum mix plant entered the @arket about this time, and experimentations
had developed where it became fdasible to introduce the recycled old pave-
ment into the drum for heating and mixing. Through all of this period, we
were never able to receive any confirmed reports from the manufacturers that
the HO or hydrocarbons were not an emission problem for the plant. It
seemed logical to us that they had to be. They were visibly evident in plants
which we had visited; and, therefore, we did not believe this process would
be compatible with the Los Angeles area..

With the increase cost of paving asphalt and aggregate in the late 70's, we
reevaluated the economics of converting a plant to handle recycled asphalt

- concrete. By use of the Maplewdod process, it is economical to produce hot
mix asphalt concrete incorporating 20 to 30 percent recycled asphalt pavement
(RAP) and meet the local air pollution standards.

“ EXCAVATION.

The two primary methods for pavément excavation are milling or. total excavation
using trucks and loaders. This:project called for the total removal of the
existing streets in a residentall area. The streets were approximately 40
years old and showed extreme allegatoring and age cracking of the pavement.
Because of the condition of the pavement and our crushing capabilities, we
elected to remove the pavement With loaders. The streets involved were Har~
bor View, Van Buren, Tyler, and Prospect. These streets are located north of
the San Diego Freeway and east bf Alameda Street and required a combined tonage
of approximately 4,000 tons of trecycled asphalt concrete.

The testing design for the type 1-C recycled mix was accomplished by in-house,
Los Angeles County Road Department, and Edington 0il Company Laboratories.

The services of a private independent laboratory were also used. Extraction

' tests, gradation analyses, asphalt viscosity and blends were evaluated. The
appendix shows some of these tést results, and our company's mix design for
using 20%, 30% and 40Z of recytled materials. The analysils, you will note,
indicates an oil which is hardér than the specified AR-4000. We had the choice

L
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of using an AR«ZOOO, or an RA-SOO oil which contained a recycling and rejuve—
nating agent, which was combined then with the existing oil in the RAP to meet
the requirements of an AR-4000., We elected to usg the AR-2000 oil because of
the economic advantages of this standard oil over the recycling agents. The

" intent was to use 20% recycled and try some 30%.° The mixing went so well that
some 40% was also tried. We were able to meet the gradatiop and predicted the
increased viscositles, shown on page 22 of the Appendix, for the recycled mix—
ture.

CRUSHING

The specifications required 1/2" max size, and extraction tests indicated the
existing pavement would meet this requirement.  In the slides I am about to
show, you will note our crushing operation includes a scalping operation to
eliminate the existence of an undesirable material which was adhearing to the
bottom of the pavement as it was excavated. This scalping operation eliminated
all material, minus 1", after it had gone through the jaw crusher. The remain-
ing asphalt was reduced with a cone ‘crusher and screened through a 1 1/8" pro-
" duct screen size,

We were trying to be selective in our excavation of the street, and still we
found the approximately 1/2 of the material procgssed was lost in the scalplng
operation.

To minimize the potential problems resultlng from stockpile segregation, we
loaded the crushed, minus 1 1/8", asphalt dlrectly into trucks feor transpor-
tation and storage at our Hot  Mix asphalt batch plant. To minimize the a-
mount of moisture, this material was covered,

MIXING

The Maplewood mixing process was accomplished at our Torrance plant lccation.
The plant was approximately 20-30 minutes from the job site in the city of
Carson.

The plant is 12,000 1b, Standard Steal batch plant which is modified to allow

us to feed this crushed asphalt cold, into the weigh hopper, where it was com~
bined with preheated virgin aggregate for heat transfgr to the product in the

mixer.

The modifications were the addition of a small hopper and feeder which could
be fed with a loader. This hopper had to be so designed to prevent the ma-
terial from bridging. The following equipment was added: A 120' x 24" con-
veyor to elevate the crushed asphalt to the plant, aGEQaratefeed Hopper and
gate to meter the material into the Plant. We installed a special alr blaster
and control equipment to assure the c?ntlnuous flow of this seperate feed sy-
stem to assure a uniform product. All'this additional equlpment was then in-
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“cbfporéted'with the batching control equipment with the necessary electrical
dnterlocks,

In the actual batching, we eiperimented with 20%, 30% and 40% recycled mater-
ial to be added. We triedwatying the dry mixing cycle. The product was main-
tained at 300 toms per hour, and the temperature at the lay down operation was
consistently between 290° and 310°,

CONCLUSTON

Recycling can be economically dnd mechanically sucessful under certain condi-~
tions. The job must be of adequate size teo allow the necessary design and
testing work. Adequate effort must be expanded to assure uniform product con-
trel.

The negative comsiderations are increased costs of a loader and man to feed
the recycled asphalt, plant modifications, and design cost. If we continue
to see escalation of paving grade asphalt oil costs, these negative factors
will be overcome by the savings in 0il costs,
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APPENDIX

HOT RECYCLED ASPHALT

(BATCH PLANT)

by WILLIAM D, McCULLOUGH
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' CITY OF CARSON ~ PROJECT 370 - RECYCLED PAVEMENT
INFORMATTON SHEET

I. Extraction tests of cores removed from Van Buren and Harbor View
Streets by La Belle Consultants

II. Edgington 0il's report on the blending ef the.recovered agphalt
with virgin asphalt

III. Calculation of virgin asphalt and aggregate required A) at 20%,
B) at 30%

IV. Bin pulls, specifications and combined gradations

V. Formula for calculating temperature of virgin aggregate necessary
to achieve desired temperature of recycled mix

VI. Temperature calculations
ViI. Plant production

VIII. Product results
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Pavament Am!yafa
Daflaction Teating
Sot! Stabilization
Asphalt Technology

2700 S. Grand Ave. ¢ Santa Ana, Calif. 92705 » (714) 546-3468

March 4, 1981

Mr. Ed Alheim .
BLUE DIAMOND MATERIALS
3000 E. South Street
Long Beach, CA 90805

Asphalt Concrete Recycling
Project No. 12247

Dear Mr. Alheim:

Laboratory testing of the asphalt concrete core samples
received February 13, 1981l has been completed, and their
suitability for a recycling project has been evaluated.
The results of laboratory testing are tabulated and
attached.

T™wo cores, labeled Van Buren and Harbor View, No. 13 & 14,
were selected for testing. They were mixed together,
extracted, the asphalt cement was recovered by Abson Method,
and the extracted aggregate was evaluated for gradation.

The Penetration and absolute viscosity were determined for
the recovered asphalt., The asphalt demand was determined
for the extracted aggregate through a numerical method
developed by the Golden Bear Division of Witco Chemical
Corporation. Comparison of the asphalt demand to the
asphalt content determined by extraction has revealed that
asphalt is donated to the mix in the amount of 0.3 to (.4
per cent of weight of dry recycled aggregate. The proposed
proportioning of 80% virgin material to 20% recycle
material was adjusted to account for the asphalt donated

by the recycle material. While the proportioning of the
aggregate must remain at 20%/80%, the asphalt cement
proportions are altered to 21% reclaimed asphalt, 79%
virgin asphalt. A 5.5% asphalt content for the new combined
mix was assumed.

From the results of laboratory testing one may conclude that
the reclaimed aggregate has an asphalt content such that
0.3 to 0.4 per cent of the dry weight of recycled aagregate

- 600003
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* AC Recycling -
Project No. 12247

is contributed to help coat the virgin portion of the new
mix, The viscosity and penetration characteristics of the
asphalts combined in the proposed proportions are within
the specification for an AR 8000 paving grade asphalt.

The virgin asphalt provided by Blue Diamond for use in the

- investigation is an AR 4000. Should the job specification
call for the viscositv of the virgin asphalt mixed with

the recovered asphalt to meet the specification for AR 4000,

virgin asphalt should be changed to an AR 2000 or a softening
agent must be added, to be confirmed by laboratory testing.

Factors off-setting the savings associated with recyclinc
are many, and should be carefully evaluated. The savings
are only those that can be attriluted to substituting
- relaimed asphalt and aggregate for virgin asphalt and
aggregate., Obvious costs are haulinqg and crushing costs.
For this project using these materials, and asphalt
softening agent does not appear to be required.

The reclaimed material must be heated in the pug mill
through a heat transfer process. That is to say, the
reclaimed material is introduced to the vug mill cold,
and is raised to mixing temperature through contact with
super-heated virgin aggregate. The resulting temperature
must be such that the materials can be thoroughly mixed.
typically in the range of 31CF to 325F. This requires
that the virgin aggregate be introduced to the pug mill
at a temperature in the range of 400F to 550F, dependent
upon time of delay in the hot bins and the weather
conditions., The additional costs for super—heatlnq the
aagregate are often a prohlbltlve factor in evaluating
a recycle project.

The opportunlty to be of service is sincerely appreciated,
and should you have any questions in this matter, kindly
call.

Yours fery truly,

Stephen M. MZ

Project Engineer
EIT - 43989

st /am
000004
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AC Recycling
. Project No. 12247

CONVENTIONAL MIZX

. % USED BY % USED BY
MATERIAL . AGGREGATE WT. - TOTAL MIX
- Virgin 3

Aggregate 100 ' 94.8
New Asphalt '

Cement 5.5 5.2
Total Asphalt _ o : . ,

Cement .- 5.5 " 5.2

. ** 12,000 Pound Batch
PROPOSED RECYCLE MIX

-~ % USED BY : % USED BY

MATERIAL AGGREGATE WT. TOTAL MIX
Virgin : ,

Aggregate 80.0 75.8
Reclaimed |

Material 21.2. _ '20.1
New Asphalt

Cement 4.3 4.1
Total Asphalt

Cement 5.5 5.2

** 12,000 Pound Batch

'BATCH WEIGHT **

11,375 1bs.

625 1lbs.

BATCH WEIGHT **

9,100 1bs.

2,407 1bs.

493 1bs,
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AC Recycling
Project No. 12247

ASPHEALT CONCRETE

TESTING

(Coré Samples No. 13 & 14‘Qmeined, Van Buren & Harbor View)

MECHANICAL ANALYSIS

Gradation, % Paésing

Sieve No.

No.
No.
. 'No.
-No.
No.
No.
No.

3/4"

1/2"

3/8"
4
8
16
30
50
100
200

"‘Asphalt Content
(Agg. Wt. = 100%)

Agphalt Demand of
Extracted Aggregate

- Excess Asphalt Cement

Extraction #1

100
97
95
61
37
26
19
14

8
5

5.9%

5.4%

 0.4%

ELA BELLEJﬂmﬂsouuunxsw

Extraction #2

100

59
97
61

40

28
.20
14
9
5

5.7%

006006
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AC Recycling o
Project No. 12247
ASPHALT C EMENT TESTING

TESTS ON ORIGINAL ASPHALT (labeled AR 4000) RESULTS

Absolute Viscosity @ 140F (virgin asphalt). 2027 poise

TESTS ON RECOVERED ASPHALT

-Absolute'viséqsity @ 140F x _ 22,107 poise
Penetration @ 77F o S 17

Theoretical Mixing Viscosity of Asphalts Combined in Proportions of
21% Recovered Asphalt, 79% Virgin Asphalt is 3400 poise.

- TESTS ON COMBINED ASPHALT CEMENTS
Proportion: 21% Recovered Asphalt, 79% Virgin Asphalt

- - | AR 8000

TESTS ON RTFC RESIDUE ' RESULT SPECIFICATION
Absolute Viscosity @ 140F 7099 poise 6,000-10,000

Penetration @ 77F 26 20 minimum

00000,
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INTER-OFFICE CORRESPONDENCE

b [ J. ALLEN DATE MARCH 23, 1981
‘ . . . . | . . P / {A
_ YBJECT ASPHALT CONCRETE CORE SAMPLES FROM W. E. HAM{ ¢ _

BLUE DIAMOND MATERIALS ~ RECYCLE AGENTS

Attached are Laboratory Raparts<covering'work the Laboratory
pexformedeon-asphalt'concretexcores that Ed Ahlheim of
.BlueiniamondfMaterials submitted to the laboratory.

- Blue Diamond Materials and L. A. Connty Road bepartment
are engaged in a pavement recycle project in the City

of Carson. Mr. Ahlheim requested that we provide data
showing the affect of adding soft paving asphalts and/or
recycle agent'back'tO:a-mixture-ﬂf'vimgin aggregate and
crushed recycled pavement, The object of the experiments
was to soften the asphalt in the crushed recycle pavement
to the AR-4000 grade.ana,prpviae-ﬁkramﬂb gratie asphalt to
cover the virgin aggregates. The subject migkerials are to
be heated, mixed in a pug mill, then spread”dnd compacted
on a roadvway. :

Our'data shows that Edgington™s AR-2000 ard Tecycle agent
RA-500 would be suitable recycle agents to use ©On the
subject project. Our test data are attached. .

- We understand that you will be transmitting these Laboratory
Reports to Mr. Ahlheim in the wvery mear future. We would

appreciate the opportunity to observe a plant run and lay-
down operation using these materialsS.

WEH:las'

“ce: M. L. Smith -
-t ’ .R. O.FriEBd . !

0000C 3
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,513) 423 145§ . _ . ‘r..ux.t ADDRESS EDOOIL C (2131 836.2824

Sample Asphalt Pavement Cores

| 1981
Source__Blue Diamond Materials 19 )
SSR#501-301-S ' -
: Tyler
Test - Harbor View Van Buren  Prospect
Extractian ‘
Recovered Asphalt, wt.& 7.4 6 6.5
| Recovered Aggregate, wt.%  92.6 93.9 . 93.5
Tests on Recovered Asphalt o ‘ ' §"’ |
Viscosity € 140°F, poise 121,371 | 68,354 72,489
Tests on Recovered Aggregates . Weighf_:. % Passing
' Sieve Size:  1/2" 100 | 100 100 °
| 3/8" 99 89 98
No. 4 69 60 61
No. B% 46 8 37
No. 30% 22 21 19
No. 100* 8 / 14 7
" ro. 200¢ 5.4 5.3 4.5

* Water washed
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grra AL '*‘_'--?'.3.-‘-;;';-.';.._; Ty
. ‘ ..' ‘ r V? .- Y \.. " :

o 1213) 698.2524

- LA R
. N

213) 423.1465

Asphalt Recovered from h : :
Sample  Damenquez & Harbor View Core Date March 13 1981
_Source Blue Dianonds Material Sample Date ' 19 L
SSR #501-301-S | ' '
TEST B RESULTS
: - o Wt Used B
Blends ' , . # 2 ;
" Recovered Asphalt - 20 20 v
. ’ - . e -
* Paving Asphalt AR-2000 ~+ 80 ?ﬂé?
. Cm ' ' LEh .
Recycle Agent RA-500 ' - 80
Tests on Blends - £
Viscosity @ 140°F, poise 1981 T 1251 é
Viscosity 8 275°F, eST 294 251 §
Penetration @ 77°F, 100G, 5 SEC 62 100 §
RIFC, 85 min. @ 325°F, wtt loss 0.5 0.6 »
fests on RIFC Residue o
Viscosity @ 140°F, poise . 4823 2692
Viscosity @ 275°F, eST ) 414 351
 Penetration @ 77°F, 100G, 5 SEC 41- " 60
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3000 EAST SOUN ™ STREET / P.O. BOX 5399 / LONG BEACH, CALIFORNIA 90805 / (213) 979-1873

A. Calculation of virgin asphalt and aggregate required at 20% recycle:

VBatch Size
Total Batch 12,000 LBS
80% Virgin 9,600 LBS
20% Recycle 2,400 1LBS

Asphalt content of recycled materials based on extraction tests is 5.7%
of the dry aggregate. Type 1C only requires 5.3% of the dry aggregate;
therefore, amount of asphalt donated by the recycle equals: :

(2,400 LBS + 1.057) - 2,400 LBS = 130 1LBS
(2,400 LBS + 1.053) - 2,400 LBS = 121 LBS
' Donated 9 LBS per batch

Amount of asphalt normally required by virgin aggregate = 5.3% of dry
aggregate, With the 9 LBS donated by the recycle, the amount of virgin
asphalt per batch equals: . :

(9,600 LBS + 1.053) - 9,600 LBS = 483 LBS - 9 LBS = 474 LBS

Therefore at a.20% recycle réte, the batch will consist of the following
ingredients: . ' -

474 LBS of virgin asphalt
130 LBS of asphalt from recycle
2,270 LBS of aggregate from recycle
9,126 1LBS of virgin aggregate
12,000 1BS |

B. Calculation of virgin asphalt and aggregates required at 30% recycles

Batch Size

{ .
Total Batch 12,000 LBS
70% Virgin 8,400 LBS
30Z Recycle 3,600 LBS

(3,600 LBS + 1,057) -~ 3,600 LBS = 195 LBS
(3,600 LBS + 1,053) -~ 3,600 LBS = 182 LBS

Donated to Mix 13 LBS
(8,400 LBS + 1.053) - 8,400 LBS = 423 LBS - 13 LBS = 410 LBS

Therefore at 30% recycle, the batch will consist of the following

ingredients:
410 LBS of virgin asphalt
195 1LBS of asphalt from recycle
3,405 LBS of aggregate from recycle
7,990 LBS of virgin aggregate 000011
12,000 LBS ‘
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3000 EAST SOUTH STREET / P.O. BOX 5399 / LONG BEACH, CALIFORNIA 90805 / (213) 979-1873

VI. Virgin aggregate teﬁpefature calculations

20% Recycle

27 Moisture in recycle _
300° Desired temperature of recycle mix
70° Virgin aggregates initially

Virgin aggregates must be heated to:

760 - .2 (530 - 4%3— [1100])= 845 = 385°
3

30% Recycle

27 Moisture in recycle.
300° Desired temperature of recycle mix
70° Virgin aggregates indtially

Virgin aggregates must be heated to:

760 = .3 (530 -"—gl [1100])= 905 = 445°
NE -

NOTE: Actual heat transfer requires five to eight minutes and will
normally take place in the truck bed. However, it Is essential
that the recycle and virgin are thoroughly blended. To
accomplish this, we are mixing dry for 30 seconds and wet for
30 seconds.
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TORRANCE PLANT

_L13/81

3.95%  Wh 12000

AT B
TYPE 1¢_AR 4000 RECYCLE_20% -
BIN | 5
4 19 4 . 2167
RECYCLE 20 % . 2h00 4567
3 % . 1597 -6164
e 28 4 - 3195 .9359
1 189 L2053 1112 | | -
. DUST 1% - 11k - 11526
ﬁ.a;ﬁ 2000 |

DRY MIX 30 SECONDS WET MIX 30 SEC

[ s

AGGREGATE TEMP 385° MIX DISCHARGE TEMP. 300°

BAG HOUSE TEMP. 300°

RECYCLE MOISTURE 1 %

1:30 PM CHANGED DRY MIX TO 20 SECONDS

WET MIX 30 SECONDS NO PROBLEMS

TONNAGE 1,585.19

PLANT RUNNING TIME 5 HRS. 15 MIN.

PLANT AVERAGE ==~ 3'0;-9 T.P.H.




TORRANCE PLANT

7 AM L1k /81 - B
TYPE_1C. AR _4000_ __ RECYCLE 30°%
: BIN -
4 7% - 1940
- "RECYCLE . 30% - 3600 . 5540
3. 124 . 1370 . 6910
2 2k 4 . 2741 . 9651
1 16% . 185 . 11476
. DUST 1 9% - 1% - 11590
.- AR 2000 -3k 4 - o - 12000
 DRY MIX 20 SEC. WET MIX 30 SEC. o
AGGREGATE TEMP. 445° . MIX DISCHARGE TEMP. 300°
'BAG HOUSE TEMP. 300°
TONNAGE 281.54% |
PLANT RUNNING TIME 1 HR.
. PLANT AVERAGE  281.5% T.P.H,

000018




- TORRANCE PLANT

8:15 AM

TYPE 1C AR 4000

BIN e
L 7% - 1940

momE % -0 - 50 S
3 ‘1é 9, '- __,ihoo - 6940

2 ' o9
1 16 %

' t
IR~
N
;\n;r—'
Pt
e i
r—l.
G &
S I
IO\E
[ ]

DUST 1% - 11 - 11620

AR2000 327% 380 - 12000

REDUCED ASPHALT CONTENTS 30#, ADDED

o 30 # TO 3 BIN
' DRY MIX 15 SEC. WET MIX 30 SEC.

AGGREGATE TEMP. Lis° MIX DISCHARGE TEMP, 300°

BAG HOUSE TEMP. 300° |

N N o 7. -y f-

) TONNAGE 990. 39
PLANT RUNNING TIME 3 HRS. 15 MIN,
PLANT AVERACE 30k,.7 T.P.H.
) - 00001



o TORRANCE PLANT
12:00 P.M. o o - 4/1k/81L

- TYPE 1C AR 5000 RECYCLE 40 %
BIN - _

_ b '-27 % - 3110

mECYCLE  %0% . u8ko - 7950 -
3 15 % . 1700 . - 9650
2 9% - 1010 - 10660

P 8% - 910 " . 11570

L DUST “1 % e 110 - 11-680 .

AR 2000 2.67 % - 320 -~ 12000

DRY MIX 20 SEC.  WET MIX 30 SEC.

. : o . .
AGGREGATE TEMP. 5000  MIX DISCHARGE TEMP. 295°

RAG HOUSE TEMP. 325°

TONNAGE 100.83

i
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TORRANCE PLANT

h/1k/eL T

DATE TONNAGE ’ _ RECYCLE USED -
BT L0519 20% 3700
L/1l/81 281.56 30 % g6 #
hf1k/81 990. 39 04 297.12
| /1L /81 100.83 140 % 40.33
Wisfer 9T 0% _ _16:b5 ]

- TOTAL 3,012.2 755.36

BALANCE OF RECYCLE

 APPROX.  250.00

00002
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et

i2913) 423.1465 ’ CABLE ADDRESS EDGOIL

Sample Recycled Asphalt Pavement Date April 27

Source Blue Diamond Materials

TEST

(213) 636.2824

19 81

City of Carson Project 370, Recycle Pavement

" Blue Diamond Materials

Sample Date

. Percent Recycled
Percent Virgin Material

Extraction

Wt. % Asphalt
Wt. % Aggredate

Tests on Recovered Materials

Asphalt
Pen @ 77°F, 100G, 5 SEC
Viscosity @ 140°F, poise
Aggregate -
Sieve Analysis

Sieve Size

i
3/4u
1/2"
/8"
No. 4
" No. 8% : : ‘
NO. 30* . ) ~
No. 100%* '
No. 200%*

"j_*Water'washed

'WEH:las

4/13/81

20
80

95.1

4/14/81

30
70

95.0

35
6074

1100
96
43

30
‘19 .
5.5

Sample Date April 13, 14 1981

4/14/81

40
60

94.6
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PRODUCING RECYCLED ASPHALT CONCRETE MIXTURES
IN BATCH AND DRUM MIX PLANTS

INTRODUCTION

With the ever increasing cost of asphalt ccment, aggregatre, and fuel, the
economics involved in the construction and resurfacing of asphalt concrete
pavement structurcs has changed significantly in recent years. The recycling,
or reuse, of the materials in the existing roadway has become popular and
economically feasible. Several Canadian provinces and at least 42 of the
states in the U.S. have constructed at least one hot mix recycled asphalt
project. Indeed, six states have written permissive recycling specifications -~
allowing the contractor the option of using reclaimed material in various
asphalt concrete mixtures.

Extensive.experience has been gained in the last few years with asphalt concrete
pavement recycling. These projects have shown that the recycled hou mix:

* Is comparable in quality and strength to conventional hot mix
asphalt concrete materials made wirh all new aggregates and
asphalt cement, .

% Will reduce the amount of new aggregate needed,

* Will reduce the emount of new asphalt. cement neeﬂed,

* Can be reedily produced in modified batch and drum mix
plants, '

% Can be produced in the asphalt mix plant in compliance
with all existing air pollution control regulations, and

* Is more ecounomical than conventional hot mix asphalt concrete.

.u S - RECYCLING VARIABLES
Three primary variables govern the amount or percentage of: reclaimed material
which can be processed through a modified batch or drum mix plant. These
three factors include:
1. The temperature to whlch the new aggregate can be heated
2. The moilsture content of the reclalmed material "and

3. The discharge temperature of the recycled hot mix.,

In general, the three factors are more. important when producing a recycled
material in a batch plant compared to a drum mix plant operatlon

st

Theoretical calculations and actual project experience indicate that there

are maximum amounts of reclaimed material which can be recycled in each type
o of plant. Depending on' the values of the above listed variables, up to 50%
A reclaimed material can be processed in a modified batch plant. For modified
drun mix plente, the upper limit for the reclaimed wmaterial i1s approximately




' 70%, with the remaining 30% of the total aggregate weight consisting of
new. aggregate. As the moisture content of the reclaimed material increases,
" and as the required discharge temperature of the recycled mix increases, the
amount of reclaimed material which can be processed decreases (if air
pollution control regulations are to be met).

BATCH PLANT RECYCLING

The reCycling‘cf-reclaimed asphalt concrete particles can be accomplished

using a modified asphalt batch plant. The process used to recycle the
reclaimed or salvaged material is described as the Mixer Heat Transfer Method.
The method, first attempted in 1976 on a recycling project in Maplewood,.
Minnesota, is also sometimes known as the Maplewood Method or the Minnesota
Method of pavement recycling. S

- For batch plant recycling, the moisture content of the reclaimed material
is the most important variable, An increase in this moisture content can
cause a significant decrease in the temperature at which the recycled mix
. 1s discharged from the pugmill and/or a decrease in the proportion of.
reclaimed asphalt which can be used in the recycled hot mix. In addition,
as the reclaimed material moilsture content Increases, an increase in water
vapor and particulate emissions occurs in the batch plant weigh hopper and
pugmill area. Thus it is very beneficial to keep the moisture content in
the reclaimed asphalt mixtures as low as possible when the material enters
the batch plant. . .

BATCH PLANT OPERATION

The operation of an asphalt batch plant used to produce recycled asphalt
concrete mixtures can be divided into two parts. The first process includes
the heating and drying of the new aggregate. The second process involves
the handling of the reclaimed material and the introduction of this material
into the plant weigh hopper. ' ' '

New Agpregate Processing, New, uncoated aggregate, both coarse and fine,
is processed through the asphalt concrete batch plant in a normal manner.
The new aggregate is conveyed into the dryer from the cold feed bins. In
the dryer, it is svperheated to temperatures as high as 600° F, depending
on the characteristics of the reclaimed material with which it will eventually
be mixed. From the dryer, the superheated aggregate is carried up the hot
s « ©L€Vator to the top of the batch plant tower. As the very hot material
M passes’ over the screen deck, the aggregate is divided by size and passed into .
) the hot storage bins. The material is weighed out of the hot bins, one bin :
at a time, as it enters the plant weigh hopper. At this point, the super-
heated new aggregate is joined by the reclaimed material which enters the
weigh hopper by a different flow pattern. (See Figure 1)

Reclaimed Aggregate Processing. The reclaimed aggregate is recovered from
its stockpile, usually by a front end loader, and placed in a small _
capacity, steep-~sided cold feed bin. From this bin, the salvaged material -
is carried by a belt conveyor or bucket elevator directly to the plant
weigh hopper. At this point, the reclaimed aggregate is treated as another _
aggregate to be proportioned, by weight, into the mix. The reclaimed material K - o




is usually put into the weigh hopper last, after the new aggregate from
the hot bins has been weighed in, in order to minimize the builldup of
this material on the sides of the weigh hopper.

Heat Transfer and Mixing. The transfer of heat from the superheated new
aggregate to the ambient temperature reclaimed aggregate begins in the
weigh hopper. Because the reclaimed aggregate lies on top of the new
aggregate, and because the two materials reside together in the weigh
hopper for only a short period of time, most of the heat transfer occurs
after the weigh hopper is emptied into the batch plant pugmill.

In the pugmill, the new asphalt cement and/or recycling agent is sprayed
on the combination of new and reclaimed material. The dry mix time,

wet mix time, and total cycle time are usually unaltered from normal hot
mix production times. The transfer of heat from the superheated new
aggregate to the reclaimed aggregate takes place throughout the mixing
process. When the pugmill gates openr to discharge the recycled mixture,
the heat transfer is completed and the mix is ready to be hauled to the
paving site to be placed and compacted.

NEW AGGREGATE-TEMPERATURES

In a batch plant recycling operation, the contractor is primarily concerned
with the temperature to which the new aggregate has to be heated in the
dryer. This temperature is governed by three main variables, including

(1) the moisture content of the reclaimed material, (2) the recycled mix
discharge temperature, and (3) the ratio or proportion of reclaimed material
to new aggregate, ’

Table 1 ‘illdstrates the effect of these vatiabieé on the temperature to which
the new aggregate has to be heated: :

* As the moisture content of the reclaimed material increases,‘
the required temperature to which the new aggregate must be
heated increases significantly, .

* A the discharge temperature of the recycled mixture from the
batch plant increases, the temperature to which the new
aggregate must be heated also increases, and-

* As the proportioﬁ of reclaimed materizl in the recyéled mixture

increases, the temperature to which the new aggregate must be
heated increases dramatically. . '

As an example of the use of Table 1, suppése a contractof-is"0perating a
modified batch plant during a dry, summer season. The moisture content of

the reclaimed material setting in a stockpile is only 1%. The recycled mix

is required to contain 20% reclaimed asphalt .and the mix discharge temperature
must be at least 240° F. From Table 1, Part &, the temperature to which the

new aggregate would need to be heated is 315° F.

Suppose the same contractor is now producing a recycled mixture in the fall,
during a rainy periced. The moisture content of the reqlaimed-materialostock—
pile is measured at 5%. The required mix discharge temperature is 280 F,

‘and the mix must contain 40% salvaged material. MNow the temperature to which



the new aggregate would need to be heated has increased to 630 F, as shown -
in Table 1, Part C. : :

For most batch plant dryers, however, 600° F is a practical upper limit to
which the new aggregate can be heated without shortening the life of the
dryer.. In the latter example, in order to protect the dryer life, the
‘contractor has several options. He can decrease his mix discharge temperature
or reduce the amount of reclaimed material being used in the recycled mix

in order to'decreaseAthe required new aggregate temperature below 600° F.

A better solhtion;—in-most cases, would be for the contractor to keep the
moisture content of the reclaimed aggregate as low as pessible, perhaps by

- keeping the reclaimed material stockpile covered. o

BATCH PLANT MODIFiCATIONS —— NEW AGGREGATE PROCESSING

Aggregate Dryer. The new aggregates needed for the recycled miﬁtures,
both coarse and fine, are conveyed to the batch plant dryer from the

cold feed bin, as shown in Figure 1. In the dryer, this aggregate is
heated or superheated to the required heat transfer temperature. In most
standard batch plants, the maximum temperature to which the aggregate can
be heated is approximately 6000 F.

Because of these extremely high aggregate temperatures, and because of

the reduced volume of aggregate flowing through the dryer compared to

. normal hot mix asphalt concrete, some changes may be needed to the dryer
flights. It is particularly important that an adequate veil of aggregate

be kept in front of the burner flame at all times. The high temperatures
may require some increased maintenance on the inside of the dryer, especially
on the flights on the discharge end of the dryer,

At the end of each production cycle, the dryer drum should be allowed to
run empty for a reasonable cooling down period after production shutdowm.
This cooling down period will protect against possible warping of the
dryer shell and its internal parts.

Dryer Exhaust System. Because of the superheating of the new aggregate in
the dryer; the dryer exhaust gas temperatures can be higher than normal.
Extreme exhaust gas temperatures can be prevented by proper arrangement and
maintenance of the dryer flights. For plants with wet wash air pollution
systems, the high exhaust gas temperatures present no particular problems.

-For asphalt batch plants equipped with a fabric filter or baghouse, extremely
high exhaust temperatures could damage the bags. Most baghouses use Nomex bage.
- If the gases entering the baghouse are continuously above 400° F, the bag life
will be shortened. At exhaust gas temperatures over 450° F, the deterioration
of the bag material would be greatly accelerated. Steps should be taken to
‘keep the temperature of the exhaust gas entering the baghouse below 400° F.

Hot Elevator. Upon discharge from the dryer, the superheated aggregate is
carried up to the top of the batch plant tower by the hot elevator system.
No problems should be encountered during the conveying operation. ‘




Screen Deck., The superheated aggregate passes from the hot elevator over
the batch plant screens. No problems should be encountered during the
screening operation unless the screen bearings are located inside the dust
housing. If so, excessive temperature buildup could occur in these bearings.
Lubricants designed for higher than nmormal temperatures should then be used
in these bearings.

Hot Bins. 'To prevent excessive temperature drop of the superheated aggregate,
consideration should be given to insulation of the outside of the hot bins.
The insulation would reduce the high radiation loss while the new aggregate
was in the plant het bins.

Asphalt Cement System. No changes are needed to the asphalt cement delivery
system except if a recycling agent is to be added to the asphalt. The point
of discharge of the recycling agent, either into the asphalt cement.line or
directly into the pugmill, depends on the requ1rements for each individual
agent.

BATCH PLANT MODIFICATIONS -- RECLAIMED MATERTAL PROCESSING

Reclaimed Material Size. Asphalt concrete materials are removed from the
roadway using two primary metheds — cold planing or pavement scarification
and breakup. The reclaimed material generated by the cold planing method

is usually of a proper size to be recycled at the completion of the milling
operation. Reclaimed material coming from a complete breakup of the old
pavement will usvally consist of a combination of large chuncks and some
fine particles, The chunks of asphaltzconcrete should be passed through

a crusher before stockpiling. The maximum size of the reclaimed material
should be less than 2" inches in order to allow the matcrial to be ccmpletely
broken down in the batch plant pugmill

Reclaimed Material Stockpile. The amount of Teclaimed material stored in

a stockpile for use in recycling should be kept to a minimum to prevent
moisture buildup in this material. Some reconsolidation of the reclaimed
material while in rhe stockpile can be expected, especially if the old
asphalt concrete is ¥ich in binder conmtent and the ambient temperature is
high. Both rubber tire and crawler front end loaders have been used to
remove the reclaimed material from the stockpile, but the use of loader
buckets equipped with teeth is recommended to help breakup any reconsolidated
. chunks of" reclaimed material

Cold Feed Bin. ‘The‘cold feed bin used with the reclaimed material as shown

in Figure 1, should have a relatively small capacity to prevent reconslidation
of the reclailmed material and bridging of the bin discharge opening. The
sides of the bin should be steep, and the opening at the bottom of the bin
should be long encugh and wide enough to allow for easy discharge of the
reclaimed materials. Vibrators should not be used on the bin.

Belt feeders have been used under the reclaimed material cold feed bin.

These should be fairly wide compared to the overall bin width. The actual

conveyor capacity needed would depend on the characteristics of each

particular batch plant. The conveyer ecapacity should be great enough to

" put the required amount of reclaimed material 1nt~ %hu wo\gh hopper without
delaying the batchinQﬂmiKJng process. .

LR



Because the conveyor will be continually starting and stopping during the
charging operation, a special, heavy-duty motor may be needed t¢ power it.

If a special motor is not used, a hydraulic or elutch-type mechanical drive.
motor might be used to permit continuous running of the power unit. In = -
addition, the conveyor will require a backstop or anti-rollback device to
prevent the reclaimed material from sliding backward on the belt., The
charging conveyor should be interlocked with the feeder conveyor under the
'cold feed bin.. ' - - ' : :

If space is limited at the plant site, a vertical or inclined bucket elevator
may be needed to carry the reclaimed material to the weigh hopper. Since

the elevator should be operated.on a continuous basis, a surge bin, located
next to the weigh hopper needs to be used.. The size of the surge bin must be
great enough to hold the required volume of reclaimed material delivered by
the elevator during the plant mixing cycle. The surge bin should have very
steep sides and should be fitted with a high speed conveyor to deliver the
reclaimed material to the weigh hopper. If a surge bin is not used, .the
.bucket elevator must be puowered by an oversized, special type motor to

allow for start-stop operation.

- Weigh Hopper. The entrance chute into the weigh hopper for the reclaimed
material should be .as steep as possible to prevent this material from hanging
up in the chute. In-addition, the chute should be of constant width and

not narrow down near the lower end. The chute needs to be equipped with a
counterweighted draft gate, kept in the closed position except when the
reclaimed aggregate is being fed in, in order to prevent the escape of
fugitive dust when the new aggregate is being weighed. Finally, the
entrance chute should be positioned so as to deposit the reclaimed material
as close as possible to the center of the weigh hopper, so that all the

reclaimed material can be emptied into the hopper.

Weigh Hopper and Pugmill Emissions. When the reclaimed material is deposited
on top of the superheated new aggregate ‘in the weigh hopper, and when the
- two materials are mixed together in the pugnill, emissions of both moisture
and dust can occur. These emissions are caused by the escape of the moisture
in the form of steam from the reclaimed material.

The rate of release of this steam vapor can be quite large. As an rexample,
if 3,000 pounds of reclaimed material, containing 3% moisture, is placed in
a 6,000 pound batch plant pugnmill, the rate at which steam will be given off
in a 5 second release time will be at approximately 30,000 cubic. feet per:
minute. ' : ‘ :

A real problem can exist when the release of steam carries dust particles

out of the weigh hopper and pugmill. The best way to control these
particulate émissions 1is to reduce the moisture content in the reclaimed
material and/or to reduce the proportion of reclaimed material in the recycled
mixture. Another way to appreach the problem is to adequately vent the

weigh hopper and pugmill to the atmosphere or put it into a plant air pollution
system. In this latter case, the vent has to be of sufficient size to allow
for both the escape of the steam and for the collection of the dust particles
which drop out of the vapor stream as the vapor velocity decreases. The size
and type of vent will depend on each particular contractor's plant set up.




DRUM MIX PLANT RECYCLING

NEW AGGREGATE PROCESSING

Five major components comprise a modern, conventional drum mix plant. These
five are: (A) a multiple bin cold feed system, (B) a charging conveyor for
feeding the new aggregate into the drum mixer, (C) the drum mixer, (D) a hot
mix surge system, and (E) a dust collection system. These components are
shown in Figure 2. :

For conventional hot mix asphalt comcrete mix production, the coarse and fine
aggregates are proportioned out of the cold feed bins onto a variable speed
collecting conveyor running underneath the bins. The combined material is then
transferred to the charging conveyor. On the way up the conveyor, the apgregate
passes over a belt scale consisting of a weigh idler and a belt speed sensor.
This "weigh bridge" setup measures the amount of material being fed into the
drum mixer.

Next. the aggregate enters the drum itself. The drum mixer uses a parallel

flow principle to heat and dry the aggregate. This means that the exhaust gases
from. the burner flame move in the same direction -- down the drum -- as the
aggregate material does. This is in contrast with a regular aggregate dryer

on a batch plant which uses a counter-flow method of heating and drying (the
cold, wet aggregate flows toward the burner flame, against the exhaust gas
stream). ‘ : :

The interior of the drum mixer is divided into two zones. The front half of

the drum is the radiant heating zone, where the cold, wet aggregate is heated

and dried. In this zone, the aggregate is. subjected to radiant heat from direct

contact with the burner flame, convective heat from exposure to the hot exhaust

gas stream and conductive heat from one aggregate particle coming in contact

with another particle. Special flights inside the drum move the aggregate

away from the bumer flame and build a veil of aggregate in front of the flame.

Optimum density of the aggregate veil maximizes the heat transfer process and

the removal of the moisture from the coarse and fine aggregates.

The rear or lower half of the drum is the convection coating zone. Heat

transfer in this part of the drum takes place primarily by convection and

conduction. Asphalt cement is introduced into the drum through a pipe

entering from the rear of the drum. Moisture”réleased from the aggregate

causes the asphalt cement to expand and foam. The 'aggregate particles tumble

- through the foaming asphalt cement and are coated in the process. The aggregate
vell created by the flights in the upper half of the drum mixer protects the

. asphalt cement and asphalt’ coated particles from exposure to the burner flame,

‘thus preventing premature hardening of the asphalt cement. The remaining

flights in the drum allow the asphalt coated aggregate to continue to be

heated until ‘the desired mix discharge temperature is obtained.

Upon discharge from the drum mixer, the asphalt concrete mixture is carried
up a drag slat conveyor or vertical elevator into a surge and/or storage silo.
Because a drum mix plant manufactures mix on. a continuous basis, a silo is
required to temporarily store the asphalt concrete until it can be loaded on
a hauling vehicle. Either a wet collector or a fabric filter can be used for
dust collection. ’ ' o



RECLAIMED AGGREGATE PROCESSING

Combined Aggregate Feed. Two methods are currently used in the industry to
introduce the reclaimed aggregate into the drum mix plant. The first, promoted
by one equipment manufacturer, uses one charging conveyor to feed both the

new aggregate and the reclaimed aggregate into the burner end of the drum

mix plant. The process, termed the low temperature convection heating method,

- uses a flame diffusing combustion chamber to reduce the temperature of the
~burner flame and exhaust gases at the point where they come into contact with
‘the combined new and reclaimed aggregate. ' '

Asphalt cement and/or recycling agent is added to the blended material in .
conventional fashion. The new aggregate, reclaimed aggregate, and binder
are mixed in the -drum. . The asphalt concrete mixture is discharged from the

. | - .
rear of the drum and carried to a surge silo.

Split Aggrégate'Fegg. - The second method of manufacturing a recycled asphalt
concrete mixture in a drum mix plant uses a split feed process. In this

- method, the new aggregate is handled and processed in a normal manner, through
the burner end of the drum mix plant. The reclaimed material, however, is

fed into the plant through a separate cold feed system, with the point of
entry of -the material just beyond the midpoint of the length of the drum,

This entry position is shown in Figure 3,

The new aggregate, introduced into the radiation zone of the drum mix plant,
is heated and dried. Depending on the relative proportions of new and
reclaimed aggregate used in the recycled mixture, the new aggregate is
superheated to a temperature between 3000 F and 600° F by the time it reaches
the midpoint of the drum. The combustion gases from the burner are cooled

. by the new aggregate to a 8000 F - 1,0000F range by the time the gases '
reach the drum midpoint.

The reclaimed material is introduced into the plant from a separate small
capacity, steep-sided cold feed bin. A charging conveyor, complete with a
weigh bridge system, feeds this material into a rotary inlet and deposits it
in the bottom of the drum, in a short area where no flights are located.
Heat transfer begins to take place between the new aggregate and thie reclaimed
material, The new asphalt cement and/or recycling agent is pumped inte the
drum and mixed with the combined aggregate at this point in the process. Heat
transfer between the new and reclaimed aggregate continues, by convection and
conduction, as the blended material moves down the drum to the discharge end.
The recycled material is then transferred to the surge bin by a vertical hot

~elevator or drag slat conveyor.

NEW AGGREGATE TEMPERATURES

If the amount of new aggregate used in the recycled asphalt concrete mixture
is more than about half of the total aggregate weight, enough new material
will be introduced inte the burner end of the drum mix plant to create an
adequate veil of aggregate in front of the burner flame and cool the exhaust
gases before they come in contact with the reclaimed material farther down
the drum. If, however, the quantity of new aggregate is reduced as the amount
of reclaimed material is increased to more than about half of the recycled
"mix, some changes must be made in the drum mix plant operation to prevent

-



the generation of blue smoke when the hot exhaust gases come in contact
with the asphalt coated reclaimed material.

'If the exhaust gas temperatures are high enough (over 800° F - 1,0000 )
when they meet the reclaimed aggregate, the asphalt from the surface of the
reclaimed material will evaporate. This evaporated asphalt recondenscs into
an aerosol mist, The mist, or blue smoke, has particle sizes in the range
-of 0.1 to 0.5 microns. No practical methods have been developed to catch
these very tiny hydrocarbon particles.

To prevent the generation of blue smoke during the recycling operation, the
new aggregate and exhaust gas temperatures must be controlled. A balance
must be reached between the following variables: (1) the moisture content
of the reclaimed material, (2) the recycled mix discharge temperature,
(3)_the ratio or proportion of reclaimed material to new aggregate, and

(4) the recycled mix production rate (tons per hour). These four variables
have to be balanced in order to meet environmental requirements and prevent
the asphalt cement on the reclaimed aggregate particles from vaporizing.

Higher new aggregate temperatures will be necessary as: (1) the moisture
content of the reclaimed material is increased, (2) the recycled mix discharge
temperature is increased, and (3) the amount of reclaimed material in the
recycled mix is increased. The drum mix plant production rate may have to

be altered -~ either increased or decreased, depending on the values of the
other three variables -~ in order to balance the heat transfer process and
prevent air pollution problems.- '

" DRUM _PLANT ‘MODIFICATIONS —- NEW AGGREGATE PROCESSING

For the production of recycled asphalt concrete mixtures containing lesser
amounts of reclaimed aggregate, no changes need to be made t6 the new
aggregate feed portion of a split feed drum mix plant. Enough new aggregate
is used to create an adequate veil of material in front of the burner flame
to accomplish the necessary heat transfer.

. As' the proportion of new aggregate in the recycled mix is reduced, however,
‘the remaining new aggregate must be heated to a higher temperature in order
to store enough heat to increase the temperature of the reclaimed material to
the desired level. A lower percentage of new aggregate results in a reduced
veil that is less efficlent in lowering the temperature of the exhaust gases,
The result is high gas temperatures at the mid-length of the drum and the
possible production of blue smoke. '

If the variables mentioned above can not be altered enough to eliminate the
blue smoke problem at the point where the reclaimed material is introduced
into the drum mixer, changes may have to be made in the flight design of

the plant. The type of changes necessary, however, would depend on the
characteristics of each individual plant and operating mode. The important
requirement is that a dense vell of new aggregate be created in front of the
burner flame. ‘ o :

DRUM PLANT MODIFICATIONS —~ RECLAIMED MATERTAL PRDCESSING

Reclaimed Material Handling. The Tequirements for.siiiﬁg the reclailmed
materizl, storing it in temporary steckpiles, and feeding it into the drum




ﬁix_plantEErom a cold féed bin are similar to the xéqdircmenps for a batch
plant recycling operation. These operations were described in detail previously,

Rotary Reclaimed Material Inlet. The recycling modifications for a drum mix
plant consist primarily of the installation of a center feed, rotary inlet
system .into the drum near its midpoint. This is shown in Figure 3. The rotary
charging system uses a set of chutes to convey the material through the shell
of the drum mixer. The number and size of the chutes depends on the capaclty
of the plant. ‘ ' g :

The reclaimed material flows by gravity into the drum, in an opposite direction
from the rotation of the drum. This material is deposited at the bottom of
the drum where it mixes with the superheated new aggregate. Asphalt cement
and/or recyeling agent is introduced into the drum immediately behind (down-

. stream) of the reclaimed aggregate rotary inlet. The three materials —- new

- aggregate, reclaimed aggregate, and asphalt -- are then mixed and the recycled
mixture heated to the required discharge temperature as it moves down the lower
half of the drum mixer. o

SUMMARY

Both new and existing batch and drum mix asphalt plants can be modified to
produce recycled asphalt concrete mixtures, For typical batch plant recycling
operations, up to 50% reclaimed material can be introduced into the weigh -
hopper. TFor split feed rotary inlet drum mix plants up to 70% reclaimed
material can be incorporated into the recycled mixture,

The primary variables which govern the amount of reclaimed material which can
be processed through a modified batch or drum mix plant include: (1) the
-maximum new aggregate temperature, (2) the moisture content of the reclaimed
material, and (3) the discharge temperature of the recycled hot mix. ‘
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%
| INTRODUCTION

Federal, state and local agencies are currently.faced with a number
of very critical problems which include the reduction in available funds
due to inflation, a declining tax base, and declining revenue from taxes
on fuel. The availability of material sources has béen reduced due to
environmentai limitations, zoning restrictions, and increased haul dist-
ances. The availability of trained-pérsonnel has declined due to fiscal
constraints and labor problems. The availability of fuel and asphalt has

‘also been sericusly tested in past months.

A possible relief to these prgblems is the serious cpnsideration to
re-use existing in—pléce materials by recycling for construction and main-
tenance needs., By recycling, we conserve energy aﬁd materials (aggregates,
binders, guardrail, etec.) and are able to preserve the pavement geometrics

‘and environment.
i
:

For several years the Arizona Department of-Iransportation has had
to find ways to extend its maintenance moniés. Attempts were made to rej-
uvenate pavement surfaces by app;ying recycling agents as foé seals, Thié
strategy was successful to some dégree,'in healing cracks or redﬁcing the

further development of cracks., The department then ventured into surface

recycling (heater scarification) in attempts to further preserve its pavements.
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Pavements that'a;thOO greatly distressed to be benefitted solely by
‘surface recycling, due to surface conditions etc., are considered for

hot-mix recycling and‘mote'recentlv'for éold—mix recycling.

SELECTION AND DESIGN

If an asphaitic cﬁncrete pavement is sg badly cracked; stripped or
.ravelled that it is.no.longer acting aé a monolifhic unit, it must be
assumed to have little more.structural value than a good granular base
material. To‘overiay such a pavement would mean to leave all of that
exéensive bituminous material solely as a base courserand not fully realize
its poteﬁtial. Recycling all or part of this pavement could reduce or
eliminate the réquifed over1a§ thickness. Removing and recycling the
in-place bituminous material would also provide access to base materials
which. if reguired, could undergo stabilization treatment., Even if the
existing roadway is hot g0 extensively deteriorated, surface recycling
will heal large cracks and make.reflective cracking through the overlay
less likely. What level of deterioration warrants consideration of hot

recycling?

Tn Arizona we estimate the amount of cracking‘in a pavement surface
i by comparing the surface to a series of photos which represent the pér—
centage of cracks in a number of 1000 square foot samples (the "crack
index“)l. Each picture shows a roadway from an angle similar to that of
an obsérver. Currently, we consider surface recycling if the crack index
is greater than 10%, and more extensive recycling (hot or cold) if the
crack index is over 40%, Figure 1 shows the phbtos corresponding to crack

indexes of roughly 10% and 40%.
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Once‘reeyciing=has beeh estabiished'as one pOSsibility, further
measures can then be taken to determlne whether it should be the chosen
‘strategy.(z) A The first thing to determlne is whether or not the exlstlng
bitumihohs'mEterrel w1ll even make a suitable recycle mix. Some older
foadways'heve undergene yeers of eeal coating, patching, end other maint-
enance, resulting in a tep layerconsistingof a veriety ofrmaterialsrill
.suited fot'recyeling. Because of that, heater-scarification may have to
be ruled‘out and ih the case of deeper’recycling, provision would have to
be made for possxbly removing the surface material pr1or to recycling the
remaining A.C. Other roads may ‘have been built using aggregates whlch are
eonsidered undesirable. Finding out if the material is recycleable involves
consulting éavement hiétory data,.or taking core samples, or most likely a
'_combination of the.tﬁo. Ceres serve the dual purpose of providing infor-
mation about the éavement for the design decision process, and providing
‘materiallsémples for_uSe by a laboratory in establishing the recycle mix
deeign. Less obvibus features of a pavement, sueh as binder properties
may contribute to making recycling impossible, but will not show up until a

mix is tried.

After determining that it is possible to produceran acceptable recycled
product, specific design alternates involving recycling can be developed.
;s'it necessary to heaterwscarify_ell lanes? Should the existing A.C. be
recycled full-depth, or should only a portion of it be milled and recycled?
Is e combination of surface and deep recycling the best strategy? = Since
there is no specialized deeign procedure established for tecycliné strategies,

the answers to these'questions must be obtained by consideration of pavement
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needs and the costs of thé various alternates as they goméare to that

of a "conventional" overlay désign. There are no nomographs to consult
which will tell you what to recycle, if anything. Often the amount of
funds avéilable for a project’ié limited Eo the cést of a conventional
design, and recycling alternates of comparable cost‘can bé derived. A

. project using a combination of recycling techniques was built in Arizona

in 1978 fcr instance; Thé project consisted of rehabilitating 16 miles
of interstate roadway on I-8 30 mileé waest of Gila Bend. Consideration
of pavement condition and'fUnéing availability led tn thoe design depicted
in Figuré 2, és shown below. For a complete chronology of other projgcts

see Apbéndix A,
' ACFC

TACK COATS =1

'.W'EXISTING'PAVEMEmzigggﬂw
‘J'!A-\- "’1‘&::3-!'&""}!."!{' REQ T ey

RECYCLE aAC
EaB. 3575-3987

TRAVEL LANE (13') et

Tapmatels

- HEATER SCAR%FICATION

ACFC

24 ;EXISTING PAVEMENT

=vatpy el T

3
=ﬁ§i~:#s“*¢% ’*tzzzd::‘ﬂv




R. J. Peters

'CENTRAL PLANT HOT MIX RECYCLING .

General Discussion

Whgp cent£al plant, hot mix‘recycling of aspha;tic_pavements first
:'émergéd as-a pbssibie or valid sfrategy to an asphaltic concrete pavemen£
Eehabilitatipn pr6biem, a hard look at the pﬁbceés was taken. We had al-
ready stérted.stockpiliné éalvaged asphaltic concrete pavemen? material in

anticipation of recycling in the future.

After_review of a recycle'operation near Las Vegas, Nevada, in
Novgmber 1976 it_became apparent that several problems ppsed a threaf of
stifling the whole concept‘of recycling. These problems were maihly those .
inveolving pollution, prdduétion rates, product acceptability and the cost of
equipment. in‘;he short five year period to éhe present.time, most of these

problems have been minimized.

The.properfies'of a recy&led asphaltic concrete mix, when properly
designed, should hoééfuily be equal to or superior to a conventional asphaltig
concrete's properties. The mixes ﬁroauced so far have beeﬁ as workable as
conventional mixes from_a construction standpoint. However, g tendenéy has
been to raise:recfcling oil percéntages ﬁo ease compaction in lieu of iﬁcreasing

mix temperatures.

Mix deSign‘procedures‘were not changed in designing hot recycling
mixes and no disparity between design and actual results has been noted so far,
‘Stability is usualiy slightly lower as would be expected with high mineral
aggregate fines and high asbhalt dontent mixes. Cohesion is usually slightly

higher as is common with high asphalt mixes.
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General Observations

Since the first production of recycled asphaltic concrete te the
present time, several observations have evolved from experience with these
materialﬁ.

-13 . In.designing fecycle mixes, the desired product may be .
acgomplished by éggrégate'blends, recycling oils, or -additives,
or combination_(see Figure 3). This mix should have the

minimum requirements ©f a virgin asphaltic concrete.

+4
i
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2) Désignérs shoﬁld @ake allowances for some contamination of
bituminéus materials with non—bitumiﬁous materialé during the
ripping and cruéhiné pavement removal process. -Degradation
of the'aggregate‘dqring-a cold miliing_pévement removal process

should aLso be considered. .

3) Generally the desién recycling oil conﬁent ig 0.2% less than
-is required for actual COnstruction. The 0.2% difference allows
for better workability, however it increases the risk of an
unétable'or low void mix. Workability should be achieved

through higher temperatures if poésible.

4) Although lower productioﬁ rates may result in higher costs per
ton, the reduced tonnage from reduced overlay thickness redquire-

ments compensates for this total cost.

5) To date, the recycled mixes placed are performing equal to

conventional asphaltic concrete mixes.

Case. Histories

Bowie Jct. - Safford S 207-904

In the southeastern portion of Arizona, between Willcox and the New
Mexico state line, partAof the old asphaltic concrete being removed and
disposed of on an $8.5 milliqn Interstate highway project, I 10-6(50), was
salvaged, crushed, recycled, and used to overlay (5.3 milesi of U.8. 666

(3) Approximately (22}000 cubic

from I-10 north to the Gfaham Codnty line.
fards) was salvaged and stockpiled near the south end of the proposed

overlay project,
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Laboratory testing indicated that blénding coarse mineral aggregate
with the cruashed old asphaltic concrete at a ratio of 20 - 80 percent would
give a job-mix formula with the desired gradation, percentage voids in

mineral aggregate, and efféctive voids.

It was determined that the cost of salvaging, hauling, crushing, and
stockpiling the old asphaltic concrete was (31.49/ton). In addition, coarse
mineral aggregate was purchased, hauled, and stockpiled, ready for blending

"with the salvaged asphaltic concrete, for ($2.84/ton).

The design called for the 20 - 80 blend of coarse mineral aggregate
and old asphaltic concrete be combined and mixed with approximately 2.2
percent of an AR—éOOO paving asphalt and arématic extender oil blend.
Approximately 18 éercent of aromatic extender oil, (Dutrex) based on the

weight ‘of the asphalt was recommended for the blend.

The project was advertised with a bid opening date of January 7, 1977.
As a resultrof a prebidrconfefence, the requirement that aromatic extender
oil and paving asphalt be introduced into the mixer through separate meters
was deleted. In aaditiOn, after much-d£scuSSioh, air quality standards
Qere relaxed because of ;he experiméntal nature‘of the project. Specifica.ly,
the particulate count wés waived, and the allowable maximum opacityrwas 40

percent.

The bid opening was postponed until January 13, 1977, when it was
learned that a U.s. patent had been approvéd for recycling of asphaltic
concrete and for the aromatic extender oils used in the process. This

delay gavé the bidders an opportunity to review the patent'and to make
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provisions, if necessary, in their bids for royalties claimed by

Mendenhall, the patent owner.

The initigi modificiations to the drum mixer included installation
'of.a special steel 5116y "pyro-cone" (6 ft.) in diameter and pefforated
with (1-iﬁ.) holes. Thé second major modification was the addition of a
high-speed underfeed'belt. 'The purpose of this belt was to thro# the
‘blended cold-feed material aboﬁt {3 ft.) into the druﬁ so that the asphalt-

coated particles of the crushed asphaltic concrete would be removed from

the high temperatures near the inlet end of the drum as quickly as posgible.

Another modificatibn was the installation of a meter for bleﬁding the
aromaﬁic extender oil with the paving'asphalt as the two maﬁerials‘were
pumped into.thefasphalt storage tank. This method of metering-worked fairly
well but for one serious arawback: the percentage of extender oil in the_
blend of asphalt and extender oil could not be changed with any degreé of

exactness until the asphalt storage tank was almost empty.

'Ahother impoftant addition ﬁas gix (0.375-in.) water sprays} threé
Veach tb two (l-in.) feed lines, for the purpose of adding moisture to the
cold-feed méterial.‘ Each feed line was equipped with a valﬁe and a pressure
gauge for adjusting the amount of added moisture to help control emissions

from the stack.

The result of the initial production was not satisfactory. Heavy
smoke was being emitted from the plant. The mix had a dry, lifeless appear-—
ance and lacked cohesiveness; the aggregate coating was not good; and the

fine particles had a burned look. The water pressure on the cold-feed was

10
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then reduced from (70 to 30 ibs/in?) and was finally discontinued; there
was no'apparent change in the opacity of emissions as a result of any

changes that were made.

-On the_seﬁond day of operation,.thelcontractor moved the discharge
end of the asphalt line in the drum from (10.5 to 12 ft.j from the inlet
end of the drum. Several combinations of mix ingredients were tried in
an effort to redﬁce the opacity of emissions but without success. It was
apparent from ali of these coﬁbinations that most of the smoke problem was
caused’ by the burning of the finer asphalt~coated particles. It was.soon
determined that the plant would not meet the air gquality standards for the

project unless major changes were made.

A deciéi&n was madg to furtherrmodify the drum mixer. The steel
alloy pyro-cone was moved from (6 to 3 ft) from the inlet end of the d¥um.
-The.burner was ﬁoved back an additionai {2 £t} from the end of the drum,
and a 2 ft. wide steel colar was placed around the circumference of the
drum extending toward the burner. The purposze of the modifications was to
'confineEthe,burner blast and also to produce the effect of moving the cqld
" feed farther aﬁay from the burner blast and the high temperature at the

inlet end of the drum.

Operations begah agaih oﬁ.ﬂarch 22,:1977. ﬁdjustments were made to
the exhaust aampér'and tﬁe air-fuel ﬁixtu;e'used in the burner. The opaciiy
of emiséionsrstill exéeeded the allowable 40 percent. In ﬁhe afternponf 2
percent moisﬁﬁre was‘added to the 4‘percent‘s£ock§ilg moisture of the |

blended cold-feed material, The applicétion of this additional moisture
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éonsiderably reduced emissions. At the end of therdéy,'the addition of

‘moisture to the goid feed was stopped,. and emissions‘increasea drastically.

vThe.nEQt day, a number of different production rates were tried. For
"ali'rétes'of“production, 2-pérceht moisture was added to.the cold feed.

‘Wé algo bégaﬁ'experimenting with differenf allowable temperatures of the
'mix atrfhe outletléf'the drum. The contractor‘discovered.that, to increase
?roductién'and.maintain‘a;lqwable opacities, the outlet temperatures had to

be'redﬁced.,

On the basis of these results, an order. for a change in the project
contract was initiated to lower the required temperature of the mix at the
outlet of the drum.r The contractor also agreed to cover the surge hopper
and the conveyor belt from the outlet of the drum to thé_surge hopper to

prevent loss of heat from the mix..

" 'As the project progressed, further experimenting was déne with temp~
eratﬁiés_and it was determined that, by lowering the temperature‘of the
mix to betwéen‘{EOOo F and 205O ﬁ) at the drum outlet, production rates of
(324 tons/h) could be achieved without serious smoke problems as long as
: 2 percent moistu;e was being added to the cold—feed; Higher production
raEes might have been achieved, but £he ultimate capacity of the exhaust '

fan for this particular plant was reached at this rate of production.

The gradation consistency of the mix was very uniform. And, with 50
‘ percent aromatic extender o0il in the blend of AR-2000 paving asphalt and
extender oil, the most desirable mix was achieved with the use of 2.7 per-

cent of this blend composition. The resultant extracted asphalt content

12
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was 5.3 percent with a penetration of approximately 64 and a viscosity

of around 2180 poises.

Yuma County Line - Gila Bend I 8-2(76)

The original pavement structure was built in 1950 and consisted
of 4 inches of select material, 5 inches of aggregate base and 2 inches

(4) This roadway carried traffic in bhoth

of mixed bituminous surface.
direétions until 1960 when the westbound roadway was built. The east-
Bound foédway secéion was increased by the éddition of a 1-1/2 inch over-
lay at this time. No fﬁrther work was done uhtil 1970 when the easthbound
roadwﬁy was sealed with an émulsified petroleum resin flush. The east-

bound width is 38 feet consisting of a 4-foot shoulder, a 12-foot passing

‘lane, a 12-foot travel'lahe ahd a l0-foot distress lane.

The pavement was' block-cracked in the travel lane with some areas at
or abp;oaching an alligatored condition. The estimated grack index was
35-40%. The block cracking occurred at approximately 20 feet spacing,
transversely'acfoss the roadWay. In some areas, cracking_had deteriorated
ts alligator cracking and in the wo:ét areas, popouts were occurring due to
the alligatoring. Some ﬁinor rutting ﬁas evident. Ali types of distress

were dreater in the trawvel lane than in the passing lane.

Performance Characteristics

Thé rideability index as-measuréd by-the'Méys fide meter averaged
3.1 which indiéates a fair ride, The defleéticn as measqred by the Dynaflect
indicated an arithmetic ﬁean of .788'mills which is a moderate defiection
level. The surface fricti&n as measﬁred by thé Mu-meter averaged 58 which

is a moderate skid level.

13
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. Design Selection

A de51qn section of removxng and replac1ng the 3-
umlnouq materlal in the ‘travel lane and plac1ng a 1-1/

overlay was,selected-(see Figure 4) since:

{1} The funds were not

ACFC overlay by the then FHWA funding policies;

State funds would have to be used.

The major distress was in the travel lane.

1/2 inches of bit-

4" aAC and 1/2" ACFC

available for more than 1-1/4" AC and 1/2"

additional

The passing lane

3id not justify the same overlay thickness or rehabilitative

measures as the travel lane.

rehabilitative measure

needed.

{3)

« EXIST. RDWY. SURFAC

EXIST. 3'AL.
REMOVE & RECYGLE

" EXIST A

134" TOTAL OVERLAY
SECTION NO. |

TACK

TACK

A 2
3" EXIST. AC. .

8 REPLACE W/NEW AC.
1 34" TOTAL OVERLAY

This design allowed more extensive

s to be performed where they were most

It was desired to evaluate the recycling concept.

1 /4" AC. (NEW)
EXIST. ROWY. SURFACE

REMOVE & RECYQLE

1 34" TOTAL OVERLAY
SECTION NO. 2

Vo' acFe.
1 V4" AC (RECYQLED)

8 REPLACE W/NEW AL

| 38" TOTAL OVERLAY

SECTION NO. 3

FIGURE
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Mix Design

In designing the recycle options, three characteristics were
'QéXaﬁinedz the average gradation, void relationships and effect of water
'rdﬁ thé mix. First,‘considering the opti&n-of using the asphaltic concrete
and Mixed‘bitumiﬁous surface materials, the average gradation of the
" samples indicated a 41% pass #8 and 7% pass £200. The #8 value is approx-
' imately what is used for the target value for that screen in a conventional
asphaltic concrete design, 4% pass $200 ié usually specified as a target
vélue,.so 7% is high. A coarse aggregate blend was decided against because
of past raveling experience with coarse blends. .Secdndly, void relationships
were examined to determine type and amount of asphélt modifier. At the
_percentége required, the type ﬁeedéd would be a recycling oil comparable to

Cyclogen L based on.the viscosity of the salvaged materiais.

- The third characteristic examined was the effect of water on the mix.
The mix was tested in accordance with ARIY B02 { a modification of AASHTO
T-165, Immersion Compression). The retention was 35% with a wet strength
of 132 psi. ‘The usual requirements for this region are 40% retention and
& wet strength of 150 psi. BRased on the 5" of annual rainfall, the retention

values were accepted.

The second option, using 25% ABVand 7S%I(AC and MBSJ, was evaluated
the same way. The average gradation of the composite increased in pass #200's
from 7% to 8% due to the addition of the AB. This factor-wés zndesirable.
The void relationships were then examnined and 2.5% recycling oil was neaded

to achieve acceptable results. This factor ailso was undeéirable due to the

15
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cost of recyqlingloil. "Next immersion compression tests were run and a
retention of 28% and a wet strength of 95 psi,were recorded, These
results were totally unacceptable. Therefore, the option of using AC and

MBS materiéls or 100% recycle was chosen.

Construction Eguipment

Puring the removal operation, the contractor used a CMI Rotomill
milling equipment, type PR-575. The equipment had a cutting width of 4'2"

using a rotary drum with 176 cutting teeth. The contractor initially began

cutting the full 3 to 3~1/2" depth in one pass. Because of the crack
pattern in the pavement, this full depth milliﬁg produced large sized
pieces of péﬁement. The contractqr thus began to remove in two lifts, the
First 2" deep and the second to the interface of the base and the AQPhaltic
material. Because of the depth restriction and the-width, it was necessary
to make four passes to gef the required depth and width. The milling of
the approximatéiy 57,200 .sg. yd. was accomplished ip 137 working hours for
an average of 428 sé. yd./hr. The rotomill was equipped with a conveyor
belt which loaded the trﬁcks. The trucks then hauled the material to the

plant site.

The drum mixer was a Shearer Process, 500 TPH, drum mixer. It was
equipped with a dry cyclone collector for use as a primary emission control
device. The modifications that the contractor made were, 1) to lengthen
the frame in front of the drum mixer, 2) move the burner back, and 3} replace

the conventional combustion chamber with a Boeing “Pyro-Cone."

The "Pyro-Cone® consists of a combustion chamber, an extension sleeve

16



R, J. Peters

with ventilation slots, and a perforated heat shield. This modification
increases the distance from the direct flame to the aggregate material.
The shield is used to stop the flame and allow only the hot gases to pass

so as not to ignite the asphalt in the old mix.

Production_rates ranged from 250 to 350 TPH with optimum results at
aroﬁnd 275 TPH. Aégfegate temperature recorded by the drum dryer pyrometer
indiéated temperatures ranging from 190 to 275° F. .The best product was
produced wheh the plant was fuﬁning @ 200° F and 250 to 275 TPH. The plant
genéra;ly produced within the temperature specification. Density was no

probiem, ranging from 95 to 98% of theoretical maximum density.

Performance of all Projects

‘In Table 1, shown on next page, is a listing of average Present
SerViceabiiity Ratings and pé:cent cracking for each‘of eleven projects
wherein hot recycling was pérformed. Since the oldest érojecﬁs are only
in -the four to fivg year age catégory it was doubtful that any meaningful
data could be available at thié poiht. All projeéts basically are showing
comparaSle leQels of_@erférmance toiay.as that which existed following
éonstrqction.

One‘projeqt.has.had observable rutting: howe&er, it is not quite known
whether the problem can be assoﬁiéted sfrictly to the fedycled mixture since
new asphaltic concrete én the sgme:prcject‘has shoﬁn;similar signs of
rutting. 'Possibiy new as Qell‘és neéycled;mixtures placed under conditions
of high eafly loading afe cgndidates for.preméturé densifiéétion and sub;

sequent rutting.
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We have obsérved the tendenéy for recycled mixtures to change
properties with time as recyciing agents begin their diffusion into the
cld aged asphalt. On one project.this fransformation developed to a
point thét eventually instability resulted and the removal of the
recycled material was required._ In that case, additional recycling agent
was added_to liﬁeﬁ the mixture and facilitate compaction. However, as
the agent continued to work on the éged asphalt the physical propcrties

of the mixture changed and instability developed.

In ﬁhe observétion of deflection déta developed_prior to and following
constructiqn, it would appear that little can be said regarding differences
in freactions" between new and fecycled-mixtares. How the data relates to
sucﬁ performance elements as cracking, ride and structural adegquacy is not

known at this time since the timé following construction is so recent.

General Observations

In the observation of laboratory design methods as they ielate te
actual constructioh, it would appear that the combination of features from
both the'Hveem-and Marshall methods should be e#plored. For instance, the
.Marshall-flow value seems fo prediét the potential fqr instability better-
tﬁan the Hveem_stability. Oﬁ the ofher‘hapd'tﬁe Hveem compacted spécimen
_'appears to relate bettéx: to pbtainab}e compaction_ and particle orientation
than does'the-Marshall specimen;‘ The problem wodld appear to be the need
to establlsh a de51gn method which relates to construction and whlch also
considers the effect of the dlfqulon of recycllng agents 1nt0 the old
- asphalt, The Hveem-method would appear to be the bette; pverall method with

aéditional'input_frbm_Mafshall-method as required.:
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: An6£héf'obéérvation would é@péar to be thét.tﬁéuoptimum combination '
of new météfiai with re¢yc1ed-material is a function ofrmany factors not
‘least of-whiéh‘isjthe effect of reCycling agents on'the aged aspha;t. As
?qu.épp:oach"LGQ% fecycledsm}ges, you fend to lessen the added'biiumen
‘quaﬁtity énd iﬁcféase £he-prob1em‘ﬁith cémpéction. -This'results in the
lnegd for highe;-plantrteméératures. If the action of rechling agents were
completely %nown and considering other factbfs such as production, energy
ana environment the opfimization.prébably lies around 70% recycled and
30% new aggrégate.. All factors considered and not knowing completely. the
effects of recyéling égents, a50—50%-combinatidn would appear reasonable,
One possible éolution'to the study of récybling agents long term effect on
aged asphalt is to precondition the old aéﬁhalt prior to incorporation in
the hof.plént. This éould be done by fogging and mixing on a platform or
use of a premixing plént. Of course, the cost of this precon@itioning
lwouid have to be»weighéd against the ultimate benefit and would ;esult in

higher unit costs for recycling.
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APPENDIX A

'RECYCLE PROJECT LOCATIONS
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10,

11.

12,

Project Number

S 207-904

I 8-2(76)

F 057-1-901

I'10-6(78)

I 10-4(66) °

-

'10-4(68)

[

17-1(123)

FRI-I 40-2(86)

I-IR 10-6(84)

_IRLI-17—2(85)

FI-I 17-1(136)

I 8-2(79)

Description

Bowie Jct. - Safford
Start 2/77 Finish 4/77
M.P. 87.9 - 92.9

Yuma Co. In. ~ East .
Start 3/78 Finish 5/78
MQPQ 79.9 - 95;9

Cochise Co., Ln. ~ North
Start 8/78 Finish 9/78
M.P., 92,9 -~ 98.1

Iuzena - Bowie
Start 9/78 Pinish 12/78

Picacho - Maraha
Start 9/78 Finish 8/79
M.P. 212.8 - 231.8

Avra Valley - U of A Farms .

start 7/79 Finish 9/80
M,P. 244.0.~ 255,7

Bell Road ~ Skunk Creek
Start 3/80. Finish 12/80
M.P. 208.3 ~ 220.5

Seligman ~ ?ineveta
Start 6/80 Finish 4/81
M.P. 123.4 - 139.25

San Simon Intérstate Freeway -
Start 2/81 PFinish 7/81 (ant1c1p)

M. P 378.3 — 384.1

Recycling Types

Hot

Hot & Surface

Hot

Hot & Surface

Hot

Hot

Hot & Surface

Hot & Surface

Hot & Surface

Flégsiaff Alrport - Flgastaff T.I. Hot
Start 4/81 - Finish 8/81 (antlclp)

'M P. 336 8 - 339.7

Skunk Creek -~ Table Mesa

‘Hot & Surface

Start 1/81 Finish 9/81 (anticip)

M.P. 220.5 - 236.6

‘Pinal County Line - West

Design

M.P. 134.6 ~ 147.6

Hot
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_H-‘Dmnn.n Number: TIR~-I10-4 nmmv . o eanmwwlmﬁmm%wwl;

Project Termini: Avra 4mHHmwnd om_ A m_mnzm

| PASSING LANE ~ | TRAVEL LANE-

ACFC

TACY. nc&.wvl‘ >n OVERLAY
Length: 11.7 - d.,,%,“_m.,.m?.ﬁ __m"
. | - e
Year Built/Age: 1980/1 year
Traffic (ADT): 35,000 .
&_noiao__omm_ Vehicles: 254 - ’ - L S o ‘ L . B
Recycle AC Tonnage: 61,266 ~ - o o - Contractor:  -Ashton
Condition Rating: good S B S Bid Price per Ton: $ m.mo.
. . o - . sonwn_m AC) -

Remarks: .. ‘ N R
.m:nmsnnl:n District #: 2

County: Pima
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S DRESENTATION FOR
ASPHALT CONCRETE RECYCLING SEMINAR
~ SPONSORED BY FHWA & CALTRANS
 SEPTEMBER 15, 16, 17, .18, 1981
ON-GRADE COLD RECYCLING PROJECT
| FOR RUSSELL AVENUE
| BY
LES JORGENSEN, P. E.
PROJECT DEVELOPMENT ENGINEER
FRESNO COUNTY DEPARTMENT OF PUBLIC WORKS

PROJECT HISTORY

Russel]l Avenue between Shaw and Herndon Avenues, a length of 2 miles, was
constructed in 1968. The structural section was . 17' Road Mixed Aggregate
Surfacing (RMAS) over 1.00' Lime Treated Base (LTB}. A 0.12' Asphalt Concrete
overlay was added in 1971. -

Due to a rapid increase in traffic lToads caused by a new commercial aggregate

plant, intensified farming of truck crops such as tomatos and cantalopes, and

a deterioration of the lime treated base, the reconstruction of Russell Avenue
was undertaken as an emergency project in 1977.

We recognize the investment in the pavement on this project, approximately
5,000 tons of surfacing at a cost of about 355,000 and decided we must salvage
and recycle this materiai. A structural section using the existing pavement
as an Asphalt Treated Base, in lieu of constructing a Class 2 Aggretate Base,
was selected. ' :

PROJECT OESIGN

An analysis of the existing pavement is a very important step in the design of

a recycied pavement. The ultimate success is dependent upon the proper amount
and type of recycling agent used. Since we are going to make maximum use of the
existing asphalt in the old pavement and add the 1east amount of new asphaitic
binder material, it is necessary to evaluate both the chemical components of

the asphalt and the physical performance of the completed mix.

The asphalt in the existing pavement was analyzed by personnel in the Golden

Bear Division of Witco Chemical Corp. Their test data resulted in the recommenda-
tion ?f using 2% Cyclogen HE to satisfy the rejuvination requirements of the aged
aspnalt. : '

The physical properties of the recycied pavement mixture were analyzed by the
County of Fresno Materiais and Research Lab. Based on asphalt demand,

-1-



stab11ometer va1ves and cohes1on tests, the addition of 2.5% Cyclogen HE was
recommended. Y .

The structural section for this pPOJect is based on a conservat1ve approach for
the value of the recycled pavement, We decided to view this recycled pavement
as an asphalt treated base for structural design purposes rather than a road
mixed. asphalt surfacing.

The structural section, based on a 10 year T.I. of 8.4 and a native soil
R-Valve of 7, is as follows:

CA.C. (Future) . 0.10"

A.C. 0.20'

. A.T.B. (G.E. = 1.2) 0.25'
1.B.

| | {70-R-Valve) 1.70"
'PROJECT CONSTRUCTION |

The construct1on sequence for this progect consisted of pu1ver1z1ng the existing

pavement, hauling it to a stockpile site adjacent tc the job, constructing the

subgrade and subbase, hauling the pulverized pavement back to grade, mixing this

material with Cyclogen HE, and then placing,shaping and compacting this mixture

as the asphalt treated base The following slides will show the above described
process:

(SLIDE PRESENTATION)

A br1ef descr1pt1on of the construction process as shown by the slides is as
fo]]ows

F1rst steps in the rebu1Td1ng project involved pulverizing the ex1st1ng pavement
~with crawler dozers with ripper teeth and grid rollers and pull-mixers and then
picking up the material with self-propelled efevating scrapers and transporting
it to a stockp1]e area adjacent to the project.

At this peint norma] construction activities began by grading, shaping and
importing the sub-base material. Upon compietion of this phase, the stockp11ed
pulverized pavement was returned to grade. This surfacing was hauled back in
bottom dump trucks to form windrows of material which could be further pulverized,
sized and prepared for mixing with the reclaiming agent.

“The actua] fie]d procedure‘fer mixing the reclaiming agent with the pulverized
pavement was as follows: The salvaged pavement, which was pulverized so that

95 percent passed through a one inch sieve, was then separated into three uniform
windrows so that the motor graders and pu1v1 -mixers could readily handle the
mater1a1 The plan was to mix one windrow with the rec]a1m1ng agent each day.

-The process used for the f1rst two windrows was to Flatten them out with a
grader to a width of 8 feet, apply the reclaiming agent at a predeterm1ned
rate through an aspha1t distributor, and then windrow the material -again with
the grader and.mix the entire w1ndrow with a pulvi-mixer. This process was
repéated two more times for each windrow and, after all the reclaiming agent
Was added m1x1ng was continued for the remainder ¢f the day :

 Material in the third windrow was f]attened out to the w1dth of ]6 feet and
treated with the reclaiming -agent, then mixed with graders and pulvi-mixers as

.-



described above. This method‘wés the idéa of our.road foreman; it resulted in

.better agent-aggregate codting since more aggregate material came in direct

- contact with the agent because of the wider application from the distributor
truck. - -

After the reclaiming agent had been applied and all mixing completed, the material
was spread and compacted across the designed width of 32 feet, using graders, '
grid roiler and rubber tired rollers. The mix was extremely stable, even

though a compietely homogeneous mixture could not be obtained under our field
conditions. - B - =

- ‘Since the surface appeared to be quite porous and a little on the dry side, it

was decided to treat itwith Reclamite rejuvenating agent, undiluted, at the rate

of 0.08 gallon per square yard. The Reclamite penetrated immediately with no
residue remaining on the surface so the normal sanding, usually recommended,

was unnecessary. After this treatment, the surface was opened to heavy agricultural
traffic for two weeks prior to the surfacing with asphalt concrete under contract.

POST CONSTRUCTION REVIEW

Pavement cores were obtained in January, 1979, along with a detailed visual in-
spection. The pavement is in excellent condition and the Recycled ATB appears
almost as good as the A.C. pavement. There appears to be no deterioration of

this base and it appears that the conhesion that we hoped for has been achieved.

In March of 1979, tests were.performed on the extracted asphalt taken from
samples of the recycled pavement used in the asphalt treated base layer which
supported the effectiveness of the rejuvinating agent. The results are as
follows: ' - :

DATA © . ORIGINAL PAVEMENT ~ RECYCLED PAVEMENT

Penetration @ 770 F 25 92
Viscosity @ 1400 F 19,600 1,120 p

In August of 1981 additional pavement cores were obtained. The coring process
required the use of more water than usual and scme damage was caused to the

ATB layer. The appearance of the ATB layer of the core was slightly dryer than
the A.C. pavement. However the ATB was still cohesive and stable.

The pavement on this project has been monitored over the past four years by means
of a road rater to obtain deflection data. The following is a summary of the-
results: ' ‘

DATE 4\ RANGE 80% A TOLERABLE A*

1978 | .02 - .044 .03 .026
1979 ‘ 029 - .046 - .04 | .026
1981 027 - .042 038 .026

* Using a T.I. of 8.0 & 0.20" A.C.

Pavement distress has been Timited to minor depressions in the wheel tracks which
we believe are caused by the intensive use of 5 and 6 axle trucks hauling farm
crops during the summer months. _ :

COST ANALYSIS and TEST DATA - See attachments A and B,

~3-



ATTACHMENT A
~ COST ANALYSIS TO RECYCLE PAVEMENT FOR AN ASPHALT TREATED BASE
| RUSSELL AVENUE, SHAW TO HERNDON IN THE COUNTY OF FRESNO

PHASE I - Rip, Pulverize, and Stockpile

April 18 - 28, 1977 (9 days) | Hours Amount

2 Motor Graders (Wabco 660B) 84 - $1,237
1 Crawler-Dozer w/Ripper/Compactor (Cat D-7) 45 907
-1 Crawler-Dozer W/Ripper (Cat D-6) 42 670
1 Grid Roller (Hyster Towed by D-6) .42 10
-2 Motor Scraper (JD 760) 37 628
1  Heavy Wheel Tractor (JD 4020) | 20 163
1 Pull Mixer (REX D47) : 11 , 189
1 Water Truck (White Star) 53 540
- Other Miscellaneous Equipment ‘ -- - 135
- ‘ 84,479
Man Hours @ $9/Hr. Average _ 320 2,880
_Supervision and Overhead _ S 1,584
$8,943

PHASE ii - Replace,'Pu]verize; and Windrow
July § - 8, 1977 (4 days)

2 Frontend Loaders (Hough H50 and H65) 32 512
4 = Bottom Dump Trucks (DIA REQ - 20 c.y.) 78 1,271
2 ° Motor Graders (Wabco 660B) . a7 678
1 Heavy Wheel Tractor (JD 4020) B 7 45
1 Pull Mixer (REX D47) o 3 .7 120
1 Water Truck (DIA REO) T 0 85
- Other Miscellaneous FEquipment | -- ' 85
- | 52,796

Man Hours @ $9/Hr. Average - 190 1,710
Supefvision‘and Overhead o S 1,013

$5.519



PHASE III - Mix w/pyc1ogen HE, Place, Compact, and'Finish
~ July 8 - 15, 1977 (7 days) fours  Amount

3 Motor Graders (Wabco 6608 and Huber F1500) 136" § 2,170

2 'Heavy Wheel Tractors (JD 4020 and 4320) -~ 74 536

2 Pull Mixers (REXD47) . 72 1,235

1 Water Truck (DIA-REO) _ 34 289

-~ Other Miscellaneous Equipment A -—-- 120

- - $ 4,350

- Material (Cyclogen HE @ 2.5%%) o 15,133

Finish Seal (Reclamite @ 0.08 g.s.y.) = 1,187

Man Hours @ 39/Hr. Average _' - 300 2,700

~ Supervision and Overhead | | 1,510

$24,880

SUMMARY

PHASE I Rip, Pulverize, and Stockpile 58,93

PHASE 11 Replace, Pulverize, Windrow | 5,519
PHASE I11  Mix w/Cyclogen HE, Place, Compact, and Finish 24,880

TOTAL - $39,342

NOTE: Class 2 A.B. Cost Estimate was 347,200.




ATTACHMENT B
TEST DATA ON PAVEMENT TO BE RECYCLED
‘ RUSSELL AVENUE, SHAW TO HERNDON
PRELIMINARY TESTS SUMMARY

A. Existing Pavement, Pulverized and Untreated

Location _ % Asph. Stab R-Value Grading, % Passing
Stockpile 3.9 to 4.4 - 66 to 76 1" - 100%
. ' : 1" - g5
3/4" - 89
/2" - 77
3/8% - 69
#4 - 49

B. Pulverized Pavement, Treated as Shown

Product Used . Stability ' : Cohesion
W/1% Reclamite . 47 : 168
W/ R 1% SS1-H 40 : 334
W/ " & 2% SS1-H 25 474
W, " & 1% MC-800 47 . 315
W/ . & 2% MC-800 - . 20 410
W/2% Cyclogen HE 46 351
W/ 3% Cyclogen HE .40 : 522

 835ed‘on the above data, 2.5% Cyclogen HE selected.
'CONSTRUCTION CONTROL TESTS SUMMARY

"A. Date Sampled: July 13, 1977 (Ist Spread)

Location % Asph. : Stab Cohesion
Sta. 117 5.7 45 . 220
Sta. 135 5.1 46 270
Sta. 153 5.3 - 47 330
Sta. 180 5.6 50 - - . 180
-Sta. 200 5.6 46 : 180

" B. Date Sémpied: July 15, 1977 (Combinétion of . 3 Spreads)

Location % Asph.* ' ~ Stab Cohesion
Sta. 117 o - 36 | 590
Sta, 135 . 44 . 400
Sta. 170 | - | | a0 220

Sta. 199 - : S < © 170
*1% additional Cyclogen HE added to samples. '

‘Based on above data and funding limitations, 0.5% Cyclogen HE was'added to
- increase density and cohesion. :



SURFACE RECYCLING

EVALUATION_; DESIGN - EQUIPMENT - CONSTRUCTION

. JOSEPH L. VICELJA
MATERIALS ENGINEER

LOS ANGELES .COUNTY ROAD DEPARTMENT

SEPTEMBER 1981




éﬁffécé recycliﬁg is concerned with the maintenance and reétoration
of fhé surface oflan existing roadway, airport, etc. When the term
éhrfécélrecycling is used, it is referring to a process which in-

volves re-working the top 3/4 to 1 inch of the existing pavement in

place and is called heater-scarification.

The pchess of removing the surface of an asphalt concrete pavement
may involve using heat to soften and break up the surface or it

may be broken up by powerful machines which do not use any heat.

Depending on the equipment and procedure used, this could be done as
a2 one phase or multi-phased constrhction procedure. The processes

using heat is heater-planing while the cold processes are referred to

as cold-milling and cold-planing, Figure 1.

What ié fhe first thing that mus£ be done to determine if a project 1is
a candidate for surface recycling? Make an evaluation of the pavement
deficienciéS‘aﬂd.déﬁagofize thé:types_of distress.
' cracking ,fafigﬁe (load associated)
refiécfioﬁ |

oxidation (Shrinkage)

Pavement RoughpeSs} l_huhps,
- shoﬁing
rutting
Low Coefﬁiéiehtfdf'Fricﬁioﬁ: | polished aggr.
| bleeding
Ré?éling-'

| Inadequate Strdcﬁural:Capabity"



Sqmé-énginééring congide:atioﬁs or design parameters which éhou;d
"be'inﬁesfigatea 6h‘surfaée recycling projects are:
| Mix‘Désign _ |
Structufai Properties

Construction Uniformity =

Now ‘that the'analysisiof the‘previous déta indicates thatnsurface re-
eyeling is appropriaﬁe, a detailed testiné_program should be employed
to determine the bést waf £Q‘correc£ the.situation. This testing program
should inclﬁde: | |

In-place non-destructive testing of the roadway.

Coring of the pavement

Extract & fécover the asphalt & aggregate

Determine aggrégate properties'

Determine asphalt properties

Determine properties of recycling agent

‘Blend recycling agent with recovered asphalt and retest

Results of this testing program will_indicate if the pavement can be
salvagéd'in place by heater-scarification, or if it must be removed by
miliing or pianing,, UselStaﬁdard design procedures to determine the
thickness of overlay.réquired. All the preparatory work to construct-
ing the projéct has been completed except writing the specifications.
'Thef are noﬁ unlike othér‘consﬁruction specifications, they should
be-comblete'andrcover such iltems as: |
| What vyou want done .
How it may be accomplished

Type of acceptable equipment
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Quality control procedures
Time or climatic requirements
Amount and Type of recycling agent

Temperature controls

Once chstrugtion has begun, a good inspection and quality control
program must be maintained to insure the desired results. As a minimum
it should igélude:

VSurféce preparafiﬁnl

Depth control |

Traffie control

fg$pera£ure control

Application raﬁe of recycling agent.

There are two primary procedures; milling and planing used for the
rempval'of material or truing up of a surface. It is important to know

what each is, how they differ, as well as,.how they are used.

Milling - réfers to the removal of asphalt concrete pavement by meaﬁs
of a rotating.drum witﬁ special cutting bits. These machines are made
in various sizes and widths. Séme are capable of maintaining quite
accurate grade control by meéns of electronic controls. The depth of
futs.Vary from.O" to 5" and can either be set fﬁr a uniform depth or as
; tapered section. 'This is‘éﬁ‘efficient and éfféctiverway to remove
pavement to a specified sectioﬂ or grade. The cost is ﬁariable and is
.‘greaﬁly influenced by the amount of wérk to be done. This is a cold

.operation¥and no heating is required. Some of the equipment is



::cépable of_seif léaﬁing £ﬁe_millihgs (femovéd aséhalt concrete) into
trucks fOr-remoVai, while othefé'rééuire self propelled loaders or
st?eet'éwéépérs to'pickup-the millihgs. The cleaned surface is gen-
erally 1eft_in such a condifion-thaﬁ'it may safely be used by traffic.
ﬁowever, looée:pieces éf aggregate can often be dislodged under traffic

‘and advisory signs, "Loose Gravel".should be appropriately placed.

Planing-— refers to removing the éurface-of an asphalt concrete pave-
ment bf scraping it off with a steel blade; generally a‘motor grader.
The type of pé%ément and climatic conditions will dictate iflthis
.prOCess,Can bé'donercold‘of if heat must be added to the pavement.
Besides being slower ﬁhen milling, the depth of removal andrgfade
control can not be main£ained as weli. The cost of cold planing is
the least. of any of the operations being described. Hot planing is
more_costly, but less then.coid milling. The planed material can be
'removed by loaders.orVStreet swaepers; The planing_oﬁeration, unlike
the milling, generally can not. cut fhrough a piece of rock and ﬁust
dislodge it‘if it is té be rémoved, resulting in a rough surface. The
planed surface can be used‘by'trqffic, howeverj caution signs indiéat~
ing "RoughuRdad“'and "Loose Gravel" shouldube properly placed to

advise the motorist of the roadway conditions.

Surface Rec¢ycling Procedure

Heater—-scarification is the only true surface recycling procedure
presently available. In order to_accomplish this operation, controlled
heating is necessary to soften the pavement for scarifying withgﬁt
damaging theiasphalf. Scarifying fefefs to the remixing of the top

3/4 to 1 inch of asphalt concrete pavement by tines. This heat

is provided by self propelled heaters or ovens using ligquid petroleum
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gae or diesel oil as thelr fuel. 'They may be of the open flame type

or 1nd1rect radlant heat type. Infrared heaters are being investigated
and evaluated by some contractors after their successful use in Germany.
Generally two heaters are required to properly soften the pavement, with
the scarlfylng tines employed only behind the last heater. The tines
are Sprlng loaded and generally are hydraulically mounted sc that a

. downward force can be applied to aid in getting the proper penetration.
After the pavement is scarified it must be screeded, rolled and if
necessary, a recycling agent applied before it may be 0pened to traffic.
Some‘piecee of aggregate'may be dislodged by traffic and posting of

"Loose Gravel" signs would be appropriate.

Wlth these deflnltlons it is much easier to understand what is meant

when terms 11ke cold- mllllnq, heater-scarlfylng etc., are used.

‘Pavement Evaluation

A thorough study ef the pavement is needed to establish the most
economical approach to rehabilitating the roadway. This study should
inclade a.review of the conatruction,-as well as the‘maintenance history
of the various segments. Evaluate the structural properties ef the
various materials making up the structural section, not odiy at the time
of constructian but also in their present state. This, combined with the
distreseAanalysis ef the roadway, nonfdeetructive_in?place pavement test-
ing and laboraiory analysis of pavement cores, can previde you with the

neceasary.data to make the best engineeriag decisions.

Pavements exhlblt many forms of dlstrese. Cracking can be either load

a53001ated (fatlgue) or nonnload associated (reflection or ox1d1atlon)



Fatigue.cracking is due tb‘fléxural fatique and often is referred té
'as‘alligator cracking, Figure 2. This type of cracking can often be
répaired by.£he heater-scarification process, but a review of the non-
destructive teéting data will determine if removal by c¢old-milling

or heater—plahing may be réquired. Geﬁerally an overlay is'required

to overcome the structural deficiency.

Reflection cracking is the transmission of a crack to the surface from
an underlaying matérial; Figure 3. This crack could be from PCC péveu
ment, asphalt concrete pavement, cement treated base, etc. aﬁd usually
‘is not load éssociated.. These.crécking patterns can be effectively

broken up by the heater-scarification process, thereby, delaying their

'reflecting up to the new surface placed on the roadway.

Oxidation or shfinkage.bracking is the result of the volatiles in the
asphalt evaporating out over a long period of time with the pavemenﬁ
becdming hard and brittle.'-An oxidized pavement usually appears dgray,
dried out and dﬁll. Oxidation occurs most rapidly at the sﬁrface
which is in contéct with the elemeﬁts. As the pavement expands and
contracts, due to.temperature variation, stresses build'up within the
aéphalt concrete which may e#ceed_the elastic‘pfoperties of the asphalt,
resulting in dracking. These cracking pattérns are generally more
spread ocut then flexural cracks and often form large blocks, Figure 4.
ﬁeating and scariinng the pavement will bfeak up the crackiné pattern
but a recycling agent‘must be added to restore the asphalt to its
eriginal condition and élasticiﬁy. How this is deﬁermined and done

will be discussed tater.

Pavement roughness, due to humps, shoving, or rutting, is generally
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‘an indication of an unstable mix and the cause needs to be established
through laboratory testing. The material usually should be removed
by milling or pléning—and replaced with a properly designed asphalt

concrete.

Pavemént suffaces may have low skid resistance due to the ﬁolishing

of ﬁhé.aggregate or to a bleeding or flushed condition. During the
ﬂeater—scarification procéss the tines will tumble the aggregate and
éxéoéé other non-polished surfaces, thereby increasing the skid
résistance. To correct a flushed or bleeding condition, the materiél
can be'remoyed_by milling or planing or a sprinkle treatment can be
used. Often times the planing br sprinkle treatment requires more

than one applicaﬁion. The sprinkle treatment consists of spreading
1/4" up to 1/2" chips (one size only) on the roadway, depending on

.the condition of the surface, heating the chipé and the pavement with

a heater (no séarification) and rolling them into the flushed surface.

' The:ékcess asphalt should hold the aggregate in place. The greater the
ampunt_qf-bleeding, the larger the chip size used. Surface raveling
can often be corrected witﬁout fecyclingl' Howevef, on hgavily travel-
ed.highways, heater—-scarification with the addition of a recycling agent

may be the most economical solution.

I1f the pa#ément distress is due to inadequate structural capacity,
surface recycling will not correct the problem, but hot or cold re-

cycling can be ﬁsedlto'help increase the structural thickness needed.

Testing Program

‘Analysis of the pavement-history and distress may permit the engineer
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'tc accurately determlne the tfpe cr Ccause ofrfallure, however, he
'_needs addltlonal data to de51gn the recycled mix and overlay require-~
ments. By use of a Road, Rater or Benkleman beam, data can be obtained
to evaluate the structural 1nteqr1ty of the ex1st1ng pavement from

which the requlred overlay may be de51gned.

' Often, several recycllng procedufes may he used on-the Same pro;ect.
To evaluate the asphalt concrete mix and determine what def1c1enc1es,
if any,y, need be corrected, cores should be obtained from the pavement,
- The number and frequency of cores will be greatiy influenced by the
1nformat10n obtalned during the pavement evaluatlon. If the roadway
was constructed all at the same time, then 3-5 cores should be suffi-
cient to determine.the properties and consistency of the pavement.

If the proposed project has been widened or constructed under different

contracts, then these areas also need to be investigated and the pProgram

expanded.

After determining their specific qravity, the cores should be heated
in-an oven- sufFlciently to permit the removal of the top 3/4 to 1 inch
for analysis. The mlxture should be extracted and the asphalt and
aggregate recovered. ‘Netermine the gradation of the aggregate, and

in the case where the pavement has low skid numbers due to pollshed
aggregate, evalaute its polish value per ASTM D 3319. fThe asphalt
should be recoverd by the Abson procedure and the Viscosity @ 140°F
and penetration at 77°F determined. With four inch diameter cores

You may not have sufficient asphalt to perform the penetration tests,

unless two cores are taken side by side and combined.
The viscosity data obtained from the recovered asphalt should be
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plotted.on.a Viscosity Biending Chart, Figure 5, to aid in selecting

" the amount and type of recycllng agent to use. There are five grades

of recycllng agents, properties of Wthh are shown on Table 1. This
table is for recycling agents’ in the non-emulsified form, used for

hot recycling and some heater—scarification projects. Table 2 is
suggested limits for-emulsified recycling agents used on heater-
_ecarificatioh and cold recycling projects. The rejuvenating properties
_and'yiseosity of each grade ie_the came, only the percent of residue
taries. Laporatory testing of the blend of recovered asphalt and non-—
emulsified recycling agents or enmulsified recycling agents from which
the. water has been removed, is needed to determine the resultant pro-
perties of the rejuvenated asphalt. After selecting the grade and
amount of recycling agent to use from the Vlsc051ty Blending Chart,
prepare laboratory samples of this blend, as well as, greater and lesser
qﬂantities and test their viscosity. This will confirm the analysis and
also provide a guide as to the latitude in application rate to meet the
de51rable viscosity range of the rejuvenated asphalt. Note, that when
-using an emu151f1ed recycling agent, the application rate should be

increased to compensate for the water in the product. See Appendix A.

1f the asphalt in the pavement to be récYcled has not increased in
viscosity greatly‘ftom the time of placement, it could be that a low
viscosity paving asphalt, je. AR 1000 or AR 2000, would be appropriate

to_use‘as the recycling agent.

Standard design procedures .should be used to determine the thickness of
overlay required. The mix can be produced from either’ recycled asphalt
pavement or new materials and should meet the standard requirements for

]
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Eguigmentl

There is'e wide variety of equipment available to perform surface re-—
hova1.-.Milling-eqUipment probably is the most variable, Figure 6.
Equipment is manufaetured in verying cuttihglwidths from 1 foot to
12 feet. The iarger machines are capable of making cats up to 5 inches
inrone pass, while the emaller machines are limited to millieg only a
few inches per pass.' The larger equipment is supported on tracks

or solia tired wheels.. A modified motor greder frame_is used to
‘support the miliing-machine of medium sized millers 60-78 inch
cutting width. Water is spraved frem an onboard tank to reduce-the
dust ane cool the'cuttersIand.pavement; Aﬁtomaﬁed grade control
equipment on some milling machines permit them to profile a highway
to a speeified gfade. The one foot wide miller is very maneuverable
and ideal for miliing around manholes and drainage structures. .The
size of the ﬁillings'are dependent on the depfh of‘cut, number and
condition of the cutting bits, and to a lesser degree‘if‘the machine
is up- cutting or down cutting (referring to the rotation of the cut-

ing drum). They vary in size from 1/2 to 2 inches or larger.

Costs for milling the-pavement and loading the millings range from

. 80.40 to $1.20/sq.yd. per 1 inch removal : Fuel consumption for
femeving one inch is in the order of 600 to 2500 BTU/sq.yd.‘ Pro-
duction rates wvary eonsiderably depending on eguipment used, type of
pavement, depth of removal and.traffic. ‘Preduction rates could be as

high as 300 tons /hour.

Most heaters are contractor manufactured or modified. Their'lengthl

varies from 14-30 feet with widths in the 12-14 foot range. The
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.heaters are propelled by semi-tractors with special gearing to permit
them to move uniformly at speeds of 5-50 feet/minute. The units are
compleeely self contained and carry their own fuel, IPG or diesel fuel.
The fuel is burned inside the heating chambef usually as an open flame,
however, some units are designed as radient heaters and the pavement

is not subject to the open flame. A West Germany contractor has de-
velopeaAa gas fired infra-heater unit which is.capable of softening
tﬁe‘pavement to depths of 3 inches. This equipment is expected to be
marketed inn the United States in the near future. The heaters will
generate more than 8,000,000 BTU's/hour. There is a great deal of
1nd1v1dua11ty among this egquipment because of contractor 1nqenu1ty,
Flgure 7. All heaters can be raised and lowered in the vertical
direction and many can be displaced laterally by hydraulic rams or

by rear wheel steeriﬁg. Other features found on various heaters are;
the burners may be turned on or eff indiviaually or as groups of 3 or
4, water tanks and pumps for spraying trees and ehrubs as the heater
passes, heat vent deflectors to protect trees and plants and screeds or
ieveling devices which vary from heaey steel blades to chein link fenc-
iﬁg. ‘For scarification the‘heater should be equipped with at least 2
rows of spring loaded tines, often-they are hydraulically controlled
ehereby permitting a greater downward force then with gravity type
scarifies. Some aee desigeed to operate at varying widths by turning
off some burners aed raising ehe complimentary scarifiers while others

only  permit the tines to operate for the full width of the heater.

To heat . and scarlfy a pavement to a 3/4 inch depth costs from $0.25
to $O.70,per sq.yd. Fuel consumption is in the order of 8000 to

15,000 BTU/sq.yd. for 3/4 inch scarification depth. Production
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rates vary from 1000 to. 2000 8. yd /hour and are 1nfluenced by

equlpment used, type of pavement and amblent temperatures.

-Heaterfplaning uSes the same heater as described above but instead of
'Using a searifier,'a motor grader is used to plane off the pavement.
The renge.of costs.end'fuel consumption are about the same as above.
fhe produetion rate is influenced by the factors enumerated_for
neaterﬂscarificetion; plus the depth factor vhich-often is quite

variable.

Celd;plening is generallyrdpne with a motor grader having a hardened
steel blade. Thie operetion isjgenerally done in tne summer when |
the'pavement temperature would be sufficiently‘high to permit pianing.
The costeand‘fqel,consumption would be commensurate with normal motor
| grader operations; Production is almost totally determined by pave-

ment type and temperature.

' Geometric Design‘

The design of the recycled pavement and the overlay design has already
been dlscussed. What I wish to point out here are the design conside-

rations as they apply to the width and depth for surface removal and

recycling.

Lets consider milling first. Suppose the wheel paths show.sufficient
distress that the existing pavement must be removed, when determining
the width to be removed consider the availability of equipment. Do not
just ask for 14 feet removal because that is the overall width of your

pavement, try to match it to the width of distress and egquipment.

Most large milling eguipment have 10 or 12 foot cutting drums. To
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.fémove_the additional two or four feet to meet the 14 foot width

may ‘be dquite expensive and unnecessary.. If you are making wedge cuts
adjacent to curb‘and gutters or header cuts across the pavement where
the-newroverlay joins the o©ld pavement the width and depth should be
established to provide smooth joins and transitions. The-depth of cut
should be twice the maximum size aggregate to be used iﬁ the overilay.
With a 1/2 incﬁ mix, generally 1 inch cuts will provide good joints.

The leﬁgth of the transition for header cuts should be 10-20 feet. This
iéhgth should be sufficient to permit the‘pavinq machine to attain the

full depth of the overlay before it reaches the end of the transition.

Wedge cuts, made to join existing gutters, should be of such width,

5-6 feet, that'the‘beginning of taper will occur under the middle of the
paving machines. If the width of cut is not considered, the paving pro-
blems tﬂat can be encountered are pulling of the mix and insufficient

thickness, to prevent breaking the rock as it passes under the screed.

Whenever heating a‘pavement, try to avoid heating more area then is
necessary. Beside the economic considerations, the heat changes the
physical characteristics of the asphalt near the heated surface. When

héater-planing, turn off the burners in the area not to be planed.

Heate#—écarificatioh'requires more thought for the design then one
might think. It is importaqt tha£ once the scarification process is
completed‘that.it'not be‘reheéted and rescarified. The designer must
.recogniie this and call out theiwidth of the work to be commensurate
with the full width §f the heatef. Figure 8 illustrates two examples
where the heater49carifi¢ation is centered aﬁout the center line of

the roadway, while in the second case with the raised median, the
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recycllng beglns adjacent to the gutter edge: and ‘covers both traveled
lanes and part of the parklng 1ane. Generally parking lanes do not need
recycllng due to the lesser traffic, also because of the oil drlpplngs,

undesirable smoke may be created durlng the heating process.

Specificationsv‘

. The specificetions.writer should Vieit the various types of surface re-
moval and recycllng projects and become familiar with the constructlon
operatlons, equlpment and areas where controls are crltlcal in order to
prepare meanlngful specifications. After determining what bid items

you wish to call for, it is necessary to tell the Contractor what you
want done. Specify the minimum depth you want processed along @ith a
reasonable tOlerance, if aoprOpriate.' Permit the contractor as much
'1atitﬁde as possible to use his ingenuity in selecting the equipment to
do the work, but do not hesitate to specify a certain piece:of equipment
if necessary Spell out how the project wili be controlled-and what the
confractor caﬁ expect if the: spe01f1catlons are not adhered to. For
‘example,‘the depth specified to he removed by cold—mllllng is based on
the mix design, but'you-do not want more removed then needed, as addi-
ticonal asphalt concrete will be.required to bring the new pavement up to
grade. .Often this can be controlled by specifying a deduction equiﬁalent
to the cost of the addirional asphalt concrete. Also, do not try to hide
“things from the contractor because it will usually end up costing more
because ofrthe uncertainty. If using a recycling agenﬁ do notllump it in
with_the heaterscarification item while specifying an application rate
between 0.15 0.25 gal./sq.yd. Set it up as a separate item and the

contractolr will not heve to cover the eventuality and cost that the

At

~14-



ﬁﬁginééf ﬁgﬁ ask fof the recycling agent to be applied at the upper
end of the range specified. ILump sum contracts are easier to
eétimé#e and administer, but this convience can often cost more
ﬁdney: ‘Apﬁendix B and C are sampled specifications for Cold—Milling

and Heater-Scarification.

Quaiiﬁy Control

A construction control testing.program-combined with adequate inspec-

tion 5y Frained personnel is needed to assure that the final result will
meet your design parameters. The milling and planing operations generally
”do qbt reguire ﬁesting unless the‘removed material is to be recycled back
into'anothgr product ie. hot of cold recycled asphalt concrete or crushed

~miscellaneous base.
'

fhe heater—;carification operation requires a good quality control testing
program to furnish the construction inspector and contractor needed infor-
' _matidn such as, depth of scarification, surface and internal temperatures
and appliCation rate of the recycling agent. The Arizona Highway Depart-
ment developed a construction control test for.depth of scarification,
often referred to as the "Nine Pound Test". The nine pounds refers to the
Vuweight of one square foot of pavement 3/4 inch thick, basea on %44 pounds
per cubic foot. Data obtained from the previously tested cores will indi-
cate if the.nine pouhd Value.should be adjusted. The test can be performed
in the field by thé ihspector in 2-3 minutes, Figure 9. A ring of known
diameter, génerally a frame from a‘12" diameter sieve with the screen
removed, is“élaced_on the scarified pavement and all.the loose material

+

is removed from inside it and weighed. Determine the weight of removed
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material per'séuare foot and'COmpare it tolthe nine pound figure.
Values less then nine pounds require an adjostment in the opera-
tion to attain the 3/4 inch depth..'The internel temperature of

© . the scarified material usually is checked while performing the

'Nine Pound Test" to assure adequate temperature for compaction.

Sorface temperatures Can get.quite high and should be maintained as
low_as p0531ble to reduce damaqe to the asphalt, such as rapid ox-
idation or coking. There is some tolerance in the amount of recycling
agent needed to rejuvenate the scarified material. However, too much
recycling agent, is as bad as too little and may over soften the

material and lead to bleeding problems.

When recycllng any material, it can not be overstressed that consider-
able testlng is reguired before, during and after the construction

of the project. The after testlng is necessary to confirm the design
parameters and assure that the pavement 15 performing as intended.

9 thorough knowledge of the material being worked with is needed to

make sound engineering decisions.

Case History - Heater-Scarification

Ih'September of 1980; Western Avenue from Imperial ﬁighway to

El Segundo Boulevard was sorface recycled. This case history will
present informatioﬁ on the pertinent events in the life of this
pavement since its construction in 1961 to present. The typical
structural section, Firgure 10, also shows tﬁe PCC pavement con-

structed in the 30's and overlaid in 1961. The surface course
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of asphalt concrete was a 1/2 inch mix with 120/150 (AR 2000) paving
asphalt. No seals or surface treatments were applied to this pavement.
Some cracking was observed. in the right wheel path of the number two

lane in addition to reflection cracking over the PCC pavement.

A crack survey was made when the Road Rater deflection data and cores
were obtaiﬁed. Laboratory analysis indicated that by applying 0.17
gal/sq.yd. éf RAESS the viscosity of 109}000 poises could be reduced to
an acceptable level.. Based on deflection and traffic data, a one inch

overlay should be adequate for 10 years.

Manyycénstruction problémsrhad to he overcome. Being a new constfuction
procedure, only a general specification was written and the inspector
had‘to lgéfn the signifiéance the different ope:atiohs would have on
the fiﬁal product. It is important to keep the heaters close to each
6ther ih order to get proPér depth of scarification, also require the
pavingZSCreed to be heaged aﬁd képt close to the heaters. This was all
brogght out vividly as the material cooled to the peint that it would
ﬁot pass under the screed sméoth&y and the rollers had little effect
" in compacting the pavement to the required density. The distributor
truck did not:have a calibrated stick nor was it weighed, making it
"almost impossible to determine the amount of recycling agent being
applied. After about an hoﬁr'of frustration and hair pulling, the
inspector stbppéd all work until thé‘operatién could he done properly.
This requifed modification of some procedures-and bringing in some
new equipment.. The-original paving écreed was only 10 feet wide com—
pared Eo the 14 foot width being scarified and the roller was to small

for the amount-of rolling required.
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Quality control teetinélis esseutiai and having the proper equipment

is required on each prqﬁedt; Measuring the depth of loose material with
a ruler or using a string'line as a reference are not very satisfactory
ways to determlne ‘the depth of scarification. We used them on this
project, as we were not familiar with the "Wine Pound Test which

we have used on all subsequent projects.

A test section was included as part of this proﬁect. The overlay Qas de-
leted. to permit visual evaluatiou of the recycled pavement. The traffic
has used a portion of this Sectioﬁ for the past year. No failure has
occurred due to traffic, however, the pavement has become very flushed
and indicates a bleeding tendency. Shortly afuer construction, the skid
number was lower theu would be generally expected, in the range of 33-39.
Skid tests'completed one year after construction showed considerable |
lowering ofuﬁhe skid number to the high teens in the traveled lanes.
Figure 11 show5‘the condition after one year. The parking lane (fore-
ground) which has a 37 skid number and no traffic, shows no sign of any

problem and looks like any 1/2 inch mix.

Roadway appurtenances are items in the traveled roadway which receive
little thought such;as traffic detectors, man holee, valve covers, survey
monuments, etc. The latter are all made ef cast iron or steel and do

" not present any problem to the contractor during the heating and
scarifying oﬁeration. They are not affected by the heat and the spring
loaded tines permit tﬁem to ride up and over these'covers without any
adverse effeet on the scarification of the surface. "Traffic detectors
present a dlfferent type of. problem.' Inductive loop ¢r maqhitometer

type detectors are not affected by the heat, but 1f the tines are not
raised in the area of the wires, they'will be pulled cut of the pavement
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héééééiééﬁihg replaéeménf. An.acceptable procedure is to 1lift the tines
approximately one foot before they get to the detectors and then lower
tﬁeﬁ intb the pavement again about a foQt beyond the detectors. The old
stylé pressure detectdrslrequire two strategies. If the rubber pad is
iﬁiplaée;it must be protected from the heat and the tines must be lifted
" as the.rqbber will soften and burn. If the detector is out of service
and tpe rubber pad has been removed, the filler material may or may

not react adversely. The surface of the epoxy—sénd mixture burned but
after -the tines paséed over it the fire was out and no damage was
'apparént. Raised pavement markérs need to be removed as should heavy
aécumﬁlatibﬁs of traffic paint. The pain£ chars and with a 19 year
-acduﬁdlation was ofrsuch thickness that it flaked off in large pieces,

"~ 1-3 inches in diametér. The cross walk and pavement markings were

much more'bbthersome then the lane lines.

Lahoratory testing after construction was confined to skid testing and
analysis of core samples 6btained periodically. Abson recovery tests
were pérformed on the core samples obtained over the past year. The
viscoéity test results indicate that the recycling agent takes quite
'some time to soften the asphalt. Figure 12 is a plot of the Viscosity -
"~ Time relationship for‘this.project. The time deiay indicated may ac-
'counﬁ'in part for thg,change in surface conditions previously noted
.’in the tés£ sectiéﬁ. This and other projects will continﬁe_to be

monitored and tested.’ s ' .

- Additional studies appear to be warranted to evaluate the laboratory

tests performed prior to construction.
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" As the result of this project several lessons were learned.
A detailed specification is'required to protect both parties,

see Appendix C.
Quality control testing is essential during construction.

Meet with contractor and go over all aspects before starting

work.

Require paving machine vibratiﬂg screed or tamper bar to be

extended to the same width, as the width to be scarified.
Mark out location of traffic detectors.

An overlay is necessary to maintain a roadway with a high

skid number.
Recycling agents take time to react, with aged asphalt.

Surface recycling with a one inch overlay has retarded re-
flection cracks for the first year and can be expected to

so for a much ‘longer pericd.
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PACIFIC COAST CONFERENCE ON ASPHALT SPECIFICATIONS

Suggested Limiting Values

Medlum Sett1ng Emuls1f1ed Recycling Agents

Tests on Emulsions RAE-1IM RAE-5M RAE-25M RAE-754

*RTF-C Vis, A 60°C, cSt
Rosldue vis., @ 60°C, cSt

Table 2

RAE-2504 , RAE-5Q0M

vis., 55¥ @ 50°C, Sec. 50-450 50-450 50450 50-450 50-450 50-450

Storage Stability Test,

1 day, wZ, max. 1.0 1.0 1.0 1.0 1.0 1.0
Coating Abilicy and .

Water -Resistance

Coating,

dry aggregate good good good * good . good good
afrer spraying fair fatir fair fair fair fair
wet aggregate fair fair fair falr fair fair
after spraying fair fatr fair fair fair fair

Parricle Charge Test positive positive positive positive positive positive

Sieve Test, wiX, max. 0.1 0.1 0.1 0.1 0.1 0.1

Discillation:

011 Distillate by vol. .
of emulsion, X, max. 6 10 12 15 15 15
Residue, wZ, min. 60 60 60 60 60 60

Tests on Residue from

Distillation Test:

vis. @ 60°C, ¢St 50~ 200~ 1,000~ 5,000~ 15,000~ 40,000~

150 800 4,000 10,000 35,000 60,000

_Saturates, Wi, max. 30 30 30 30 30 30

Viscosity Ra:ip,*max. 3 3 3 3 3 3

*RTF-C Vis. @ 60°C, oSt
Residue Vis. @ 60°C, cSt
Suggested Limiting Values
Slow-Setting Emulsified Recycliing Agents

Tests on Emulsions RAE-1S RAE~5S RAE-Z5S RAE-755 RAE-2505  RAE-300S5

Vis,, SSF @ 25°C, sec. 20-100 20-100 20-100 20-1090 20-100 20-100

Storage Srabilicy Test,

1 day, wX, max. 1.0 1.0 1.0 1.0 1.0 1.0
Partlcle Charge Test positive posirive positive positive positive positive
Sieve Test, Wi, max. 0.1 D.1 0.1 0.1 0.1 6.1
Cement Mixing Tesc,

wi, max. 2.0 2.0 2.0 2.0 2.0 2.0
Dislillation:

011 Distillate by vol.
of emulsion, 7, max. 3.0 3.0 3.0 3.0 3.0 . 3.0
Residue, wZ, min. 57.0 57.0 57.0 57.0 57.0 57.0

Tesrs an Resi&ue from

Distillation Test:

Vis. @ 60°C, <5t 50~ 200~ 1,000~ 5,000~ 15,000~ 40 ,000-

. 150 © BOO 4,000 10,000 35,000 60,000

Saturates, Wi, max. - 30 a0 30 30 30 30

Viscosity Ratio,” max. b k! 3 3 3 3



. Tentative
ARTZ 822
Sept. 1980

y (8 Pages)
‘ DE'I'EWATION OF ADDITIVE OR ASPHALT BLEND REQUIRED FOR

MODIFICATION OF ASPHALT VISCOSITY
= : {An Ardizona Method)

Scope

1. ' This procedure is applicable to the modification of asphalt viscosity
by the use of additives or blending asphalts. Section % is used in the
determination ofm additive quanti;ties. Methods for determining emulsified ‘additive
quantities and also spread rate in gallbns per square yard for spray applications
are pmvid:ad. Section 5 is used in the blending of asphalts.

Apparatus
2. The apparatus shall consist of the *Follom.ng

(a) 'The apparatus as listed in AASHIO T 202 - "Absolute Viscosity of
Asphalts". 3 | T

(b) The apparatus as ‘liste-d in AASHTO T 201 - "Kinematic Viscosity of
Asphalts™, when addi‘tives are used. -

(c) The appafa"l.ﬁs listed in either AASHTO T 227 - "Density, Specific
Gravity or APT Gravity of Crude Petroleun and Liquid Petroleum Products by

 Hydrdmeter Method® or AASHTO T 228 - "Specific Gravity of Semi-Solid Bituminous

Materials" (refer to.paragraph 4(b)}, when additives are used.
.(d) The apparatus as listed in AASHTO T 59, Section 13 - “"Testing
Emulsified Asphalts (Residue by Evaporation)”, shall be required when testing

with emulsified additives..

Sample Preparation
3. '(a) Samples of the materials to be used shall be obtained according to

AASHTO T 40 - "Sampling Bituminous Materials™.

Appendix A 1



Tentative
‘ARLZ 822
Sept. 1980

(b) Suff:.c:.ent amount of additive residue shall be obtained by ARIZ 504 ~ .
"Vacuum Recovery of Asphalt Emulsion Residue", when ermz.‘.l.s:.fled add:.tlves are used.
(c} 1In the case of modifying asphalt in existing bituminous mixtures,
the asphalt shall be reéovered from a sample of the mixture according to ARIZ 413 -
"Ex*raction of Asphait from Bitmninéus Mixtures by Soxhlet Extraction” and
ARIZ 511 - "Recovery‘. 6f Asphalt from Extraction Solution.

Procedure (For determination of additive quantities)

4. (a) When using emulsified additives, the percent residue shall be de'tenmed
by use of AASHTO T 53.  (Percent of residue may also be determined by heating 5 gram.
samples until the moisture has been rem:véd. In the case of dispute AASHIO T 58
shall be used.)” | ,

(b) The sbsolute viscosity of the asphalt to be modified is determined
by AASHTO T 202. The kinemstic viscosity, centistokes at 145° F. , of the additive
- (residue if using emulsified additive) shall be deter'nmed by AASHTO T 201. The
specific gravity shall be determined by AASHTO T 227 (for materials Wlth maximum
viscosity of 5000 cent:].stokes) or AASHTO T 228 (for materials with. viscosities above
5000 centistokes). The absolute. v130051ty of the additive (or residue), in poz.ses,
‘is then determined by rmltlplymg the kinematic viscosity by the specific gravn.ty
and dividing by 100.

(c) By reference to the chart in Figure 1, the quantity of additive
required to modify the viscosity to a desired level may be determined. The
absolute viscosity of thé asphalt to be modified is found on the left side
of the chart. The viscosity of the additive is found on the right side of
the chart. A line is drawn between the two points. The &esired viscosity of a
'the modified asphalt is found on the chart and by fellowing a straightédge
horizontallj/, the line will be intercepted. From this intercept a vertical line |

tc the bottom of the chart will indicate the pefcent of additive required as a
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Tentative
ARTZ 822
. Sept. 1980

'perce.ntage of the tota.!. bindexr (by we:r.cht). An exan:éle is shown in Figure 1
for the following da'ta' ' h
1) Absolute viscosity of the asphalf to be modified = 34,000 poises.
2) An emulsified recycling agent has been selected to be used as the
.additive. It has been defemu'ned that the residue has:an absolute viscosity .of
5 poises. By AASH['O T 59 it ‘has been determined that the emulsion has 63% residue.
| 3) By following the insfruction above, the amounts of additive required
is determined to be 22% of the total binder (by weight), for a desired viscosity
- of 2000 poises.
(@ When emilsified additives are used, the amount of emulsion must be
c:é.lcu.‘_lated so that the desired -pee_r‘ce.nt. additive is achieved:
- 1 Calcu;ate i:he amount of 'amﬂsified additive required, "Ae“'

- (100) x (A)
Ae =~ AP X A‘a
‘ E, (100 - A)
Where: A_ = amount of asphalt to be modified

percent additive required (From Figure 1.)

=

Br' = percent of residue in the emulsified additive
Example: (For A, = 1200 tons, Ap = 228, E, = 63%)

100 (22
: Ae = (100) = ! x 1200 = 537.2 tons

63(100 ~ 22)

'2) The percent enulsified additive as a percentage of the total

bJ.nde.r- (by weight), "Pe"’ may be calculated:

P = ¥ 100
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‘rentative
. ARIZ 822
Sept.. 1980

Example:

. '537.2
P = ® 100 = 30.9%
€ 537.2 + 1200

(e) If an emulsified additive is to be applied by spraying a
scarified and recompacted bituminous surface, the required amount of additive
r~, be calculated in gals.fsq. yd. by the following: |

1) I_Jetamine the density (lbs/cu. ft.) of the material to be
scarified by AASHTO T 166 - "Bulk Specific Gra\;'i'ty of Compacted Bituminous Mixtures".

(The specimens for testing shall be obtained by coring the existing pavement and
“then mnaving the top of core by sawing at the depth of scarification.) |
2). Determine the percent asphalt in the portion of the existing
pavement o be scarified by ARIZ 413 ~ "Extraction of Asphalt from Bituminous
Mixtures by Soxhlet Extraction" or ARIZ 402 - "Bitmnen Content of Bituminous
Mixtures by Vacuum Extraction".
3) Determine the weight, in 1bs., of bituminous mixture in one

square yard of scarification, “Wm“:
W, = (D) (9 (DS)

Where: D_ = Density of existing material (ibs./cu. ft.}

Depth of scarifica.fion (in decimal feet)

)
"

Example: (For D_ = 140 1bs./cu. ft., D = 3/k" ='0.0625%)

Wm = (140) (9) (0.062S5) = 78.75 lbs.

%) Determine the weight of asphalt to be modified in scarified

material (for one square yard), "A "
Aa = (Wm) (Ps)

Where: P_ = percent asphalt in existing material (expressed

as a decimal)
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Tentative
ARIZ 822
Sept. 1980

Example: (For Ps = 5,5% = 0.055)

A = (78.75 1bs.) (0.055) = 4.33 ibs.

5) Determine the weight of emulsified additive in lbs., A",
reguired to mod:.fy the asphalt in one squave yard of scarified material:
' (100) x (A5)

A = - X Ay
- E, (100 —Ap)

5
B
e
>

amount of asphalt to be medified
) % = percent additive required (From Figure 1.)
- E, = percent of residue in the emulsified additive

‘Example: {(For A, = 22%, Ey, = 63%)

C(100) x (22) :
= x 4.33 = 1,939 1bs./sq. yd.

63(100 - 22)

'8) Determine the application rate in gals/sq. yd., A
‘A
a
AD T e ——
K,
Where: 'Ew = weight of emlsion, 1bs. per gai.
Example: {For E =8.33 1bs./gal.)
1.939 1bs./sq. yd.

A= . = 0.23 gals./sq. yd.

Note: When the additive is to be used on a heater scarified section
of existing pavement, the quamtity obtained by the above method necessarily assumes

‘that all of the asphalt in the scarified section will be modified by the additive.
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ARTZ 822
' Sept. 1980

Procedure (For blending asphalts)
5. {(a) -The absolute visc:oéiti_es ‘of the asphalt to be modified and the blend
asphalt to be used are determined by AASr;ro T 202. | |
(b) By reference to the chart in Figure 2, the absolute viscosity of
the asphalt to be modified is plotted on the left side of the chart. The absolute
vic ssity of the blend asphalt is plotted on the right side ‘of the chart. A line
is drawn which copnects‘ the two points. The desired viscosity of the modified
asphalt is found on the chart., By following a straightedge horizontally',l the |
line w:L'Ll.be intercepted. From this intercept a irertical line to the bottom of
‘the chart -will indicate the percent of blend asphalt which is required as a
percentage of the total binder (by weight). An example is shown in Figgve 2 for
the following data (The nomograph used in Figure 2 is the same as in Figure 1,
but to illustrate the procedure for blending asphalts a separate chart is used.):
1} Absolute viscosity of the asphalt to be modified = 16,000 poises. '
2) Absolute viscosity of the blend asphalt = l,UOOlpoises.- -
3) By following the instructions above, the amount of blend asphalt
required is determined to be 45% of the total binder (by weighi':) , for desired

viscosity of 4,000 poises,
Precision
6. The use of this procedure will generally yield close approximations

in achieving the desired modified viscosity. A trial mix should ‘always be

made to check the actual viscosity.

Appendix A : &



- Teptative

. 5 ARTZ 822
. : ‘Sept. 1980
1)(_.106; - ‘ : £
| F 1 5
x1 E j ga
TN | | gm%
1x 107 ¢ 1 zA
- F N 1 Bz
N \ 1 B
i -—-——-——-—-——-5\ - §§
1 x 103k s I
TR . ~N 3
- N )
- AN 4
A . N ]
7: \\_ 41 x 102
£ | N 3
N | AN i
:. B \\\ -
.E.é' o 41 x 10
a e L N
-2 L \1
- B T
o8& _ g
gé o ’ Ny
] -
48 I i
g
1 1' ] L 3 I . ' i 3 1
0O 10 20 30 40 50 60 70 80 90 100

~ WEIGHT PERCENT OF ADDITIVE OR BLEND ASPHALT IN TOTAL BINDER

FIGURE I ~ NOMOGRAPH FOR VISCOSITY

Appendir & 7



Tentative

ASPHALT TO BE MODIFIED

ARIZ §22
Sept. 1880 .
1x 106 3
3 :
&
A . 7
i 1 25
1x 10Y b— = — : %?:
- . """---,___ 3 mﬁl
- SN S 1 5.
| "'—-.‘-_.”‘- -4
L. -“_-'-‘--.._____- . g% .
1x 103 - B8R
: ] <F
: ~§ -41.x 102
% " -
m .
g ; : |
:! - . - _1)(10
(M - ' - ‘
B R i
(=} o An 3
|'.:_r‘ " b
E L ' | . . -1'
m. .
o
=2 1 - _
1 L 1 L 1 ! ] L 1

'O 10 20 30 40 50 60 70 80 90 100

WEIGHT PERCENT OF ADDITIVE OR BLEND ASPHALT IN TOTAL BINDER

FIGURE 2 - NOMOGRAPH FOR VISCOSITY

Appendix A : B8



LOS ANGELES COUNTY ROAD DEPARTMEN& SEPTEMBER 1981
SPECIAL PROVISIONS FOR CASH CONTRACT NO.

COLD MILL AC PAVEMENT

. : |

The Contractor shall celd mill existing AC gavement. as dimensioned
and as otherwise designated on the Plans. old milling shall remove
- variable depths aof AC to provide an overlay .key at joins and over the
- width of the cold milled area. Additional widths of cold milling may
be required at various locations as determined by the Engineer. The
surface of pavement after milling shall be uniformly rough grooved or
ridged as directed by the Engineer. The grade shall not deviate from
a suitable straight edge By more than 3/8" &t any point.

thé Contractor shall remove existing AC oveflay from gutters adjacent
to any area specified to Ye cold milled, as directed by the Engineer.

The milling machine ‘shall be specially designed and built to perform
'cold milling of bituminous pavement with the ability to mill concrete
patches. .The cutting drufn shall be a minimum 60" wide with carbide
‘tip cutting teeth placed in variable lacind pattern to produce various
finishes. The machine shall be capable of operation at speeds of from
0 to 40 FPM. It shall bd self-propelled atd have a water spray at the
cutting drum to minimize dust. The machiné shall be capable of removing
~the material next to the gutter of the pavement being reconditioned and
s0 designed that the operator thereof can at all times observe the
milling operation without leaving the confrols. The cutting drum shall
be adjustable as to slope and depth and shall deep cut in one pass a
maximum of 3" without producing fumes or smoke. The milling machine
shall have previously performed satisfactorily aon similar work.

The Contractor shall provide a smaller machine to trim areas
inaccessible to the larger machine at manholes, curb returns and
intersections. The smaller machine shall be equipped with a 12"
wide cutting drum mounted on a 3-wheel chassis allowing it to
be positioned without interrupting traffic or pedestrian flow.

During the operation, the Contractor shall sweep the street with
mechanical equipment and remove all loosened material from milled
areas. The Contractor shall abate dust huisance by cleaning, sweeping
and sprinkling with water or other means as necessary.

Before cold milling pavement within 300' of a traffic signal, the
Contractor shall notify Mr. J. E. Hendershot at (213) 226-8174, at
least 3 working days prior to commencing work within said area. Upon
notification, the Agency will mark the location of all existing loop
detectors. The Contractor shall not cold mill within 12" of these

loop detector conduectors. N

Damage to the existing loops caused by the Contractor's operation will
require replacement of the loops in their entirety at the Contractor's
expense. :

Full compensation for complying with tﬁé above requirements shall be
considered as included in the unit priceé bid@ for COLD MILI, AC PAVEMENT.
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SPECIAL PROVISIONS FOR CASH CONTRACT NO.

HEATER-SCARIFYING AC PAVEMENT

GENERAL

Heater-scarifying shall consist of furnishing all labor, equipment
and materials and performing all operations in connection with '
processing the existing asphalt concrete pavement in place by
heating, scarifying, remixing, spreading, screeding, compacting
and applying a recycling agent. This work shall be done as indi-
cated on the Plans and as specified herein.

EQUIPMENT

Heaters shall comply with the requirements of the South Coast

Air Quality Management District. The Contractor shall obtain the -
required operating permits from said District. Heaters shall have
controls on the individual burners such that the surface temperature
immediately behind the heating chamber will not vary by more than
25°F across the width of the heated area. Heaters shall have a
minimum rating of 10,000,000 BTU's per hour. The heating chamber
shall have a minimum length of 18 feet. All heaters used shall

have the same width heating chamber.

The last heater in the heating train shall be equipped with at least
two rows of spring egualized scarifier teeth in uniform contact with
the pavement and incorporating an automatic release for passing over
manholes and valve covers. The width of the scarified pavement
shall be the same as the heating chamber. The transverse spacing

of the teeth shall be such that at least 90% of the aggregate

shall be remixed by spinning or tumbling. The aggregate shall not
be pulverized, spalled or broken after scarification. The remixed
material shall be spread evenly.

A machine designed for the placement of asphalt concrete shall be
used to spread and distribute the scarified material and shall be
equipped with a vibrating screed which produces a surface texture
of uniform appearance. All vibrating screeds and tamping bars, if
utilized on the machine, shall be the same width as the scarified
material. This machine shall have the capacity to carry 3 tons of
asphalt concrete in a hopper for distribution to the screed as
needed. The screeded material shall be compacted by a vibratory
type steel wheel compactor complying with the requirements of
Subsection 302-5.5.1 of the Standard Specifications.

The distributor truck for the recycling agent shall conform to the
requirements of Subsection 203-2.5 of the Standard Specifications.
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SPECIAL PROVISIONS FOR CASH CONTRACT NO.

HEATER-SCARIFYING AC PAVEMENT (Cont.)

RECYCLING AGENT

The recycling agent used on this project shall be RAE-58 and spread
at the rate of 0.12 to 0.20 gallon per square yard as directed by
the Engineer. 'he recycling agent shall be delivered undiluted
and conform to the following requirements:

EMULSIFIED RECYCLING AGENTS

_ Test Method RAE-5S RAE-258
Tests on Emulsions ASTM Min. Max. Min. Max.
Viscosity @ 25.C, SSF D244 20 100 20 100
Storage Stability 1 day, % D244 - 1.0 - 1.0
Cement Mixing Test, % D244 - 2.0 - 2.0
Sieve Test, % D244 (1) - 0.1 - 0.1
Particle Charge Test D244 Positive Positive
Distillation: -
"0il Distillate by vol.
of emulsion, $ D244 - 3.0 - 3.0
Residue, by weight, -% D244 57 - 57 -
“Tests on Residue from
Distillation Test:
Viacosity @ 60°c, cst D2170 200 800 1000 4000
Viscosity Ratio (2} D2170 - 3.0 - 3.0
Saturates, % . D2007 T 30 . - 30

(1) Test procedure indentical with ASTM D244 except that distilled
water shall be used in place of 2% sodium oleate solution.

(2) Viscosity Ratio = RTF-C Viscosity @ 60°C, cSt
Original Viscosity @ 60° C, cSt
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SPECIAL PROVISIONS FOR CASH CONTRACT NO.

HEATER-SCARIFYING AC PAVEMENT (Cont.)

CONSTRUCTION DETAILS

The ambient temperature shall be at least 50°F during the heater-
scarifying operation. If, in the opinion of the Engineer, weather
conditions or other factors would be detrimental to obtaining a
satisfactory result, the operations shall cease. Prior to commencing
hezter-scarifying operations the existing pavement shall be cleaned
.. all extraneous materials. Power brooms shall be supplemented
where necessary by hand brooming and such other tools as required

o bring the surface to a clean, suitable condition, free of all
deleterious materials.

The number of heater units utilized shall be determined by the
Contractor. Multiple heater units shall be utilized in tandem

such that the heat emitted will soften the asphalt concrete for

the required 'depth for the entire width of the heating chamber

and scarifier but not more than 6 inches beyond the scarified

area. The surface of the pavement shall not be heated to a
temperature higher than 400°F. The temperature of the scarified
material shall be between 250°F and 325°F when measured immediately
behind the scarifier. No uncontrolled heating causing differential
softening of the asphalt concrete will be permitted.

The weight of the existing asphalt concrete has been assumed to

be 144 pounds per cubic foot. On this basis, a minimum of 9 pounds
per square foot of the existing asphalt concrete surface shall be
scarified. If the specified amount is not being scarified, the

work shall be stopped and shall be resumed only after the Contractor
has made the needed adjustments and the Engineer is satisfied that
this requirement can be met.

The scarified material shall be qpread and distributed by machine.
Three tons of Class C2-AR-8000 asphalt concrete shall be placed in
the hopper of said machine at the beginning of the day to provide

sufficient material in front of the screed to assure a smooth and

uniform cross section. A tarp shall be placed over thls material

to help retain the heat throughout the day.

The scarified material shall be compacted immediately after it has
been distributed and leveled and while its temperature still is
in excess of 235°F.

Within 30 minutes aftexr compaction the recycling agent shall be
applied. No material to which the recycling agent has been applied
shall be reheated or rescarified. Traffic shall not be permitted

on the compacted material for a least 60 minutes after the recycling
agent has been applied. TIf the Engineer determines that excessive
raveling is occuring, this time may be extended.
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' SPECIAL PROVISIONS FOR CASH CONTRACT NO.

HEATER-SCARIFYING AC PAVEMENT (Cont.)

CONSTRUCTION DETAILS (Cont.)

At the end of a day's run, the last 30 feet of scarified material
'shall be spread and compacted as usual but the recycling agent

shall not be applied. On the next day the heaters may reheat

this section to provide for proper scarification depth when they
stPrt scarifying the next section of roadway. At the end of the

*- v, the material in the hopper and in front of the screed of the
pAving machine shall be removed from the project site and discarded.-

Should the Contractor shut down its operation for more than 15 minutes;
the above procedure shall be followed. Additionally, the excess
material shall be spread in front of the screed on the non-scarified
pavement in a thin lift, 1/4 - 3/8 inches, for reheating, only if it
is anticipated that the operation will resume the same day.

Before heater scarifying pavement within 300' of a traffic signal, the
Contractor shall notify Mr. J. E. Hendershot at (213) 226-8174, at
least 3 working days prior to commencing work within said area. Upon
-notification, the Agency will mark the location of all existing loop
detectors. The Contractor may heat the area where traffic sensing
devices are embedded in pavement but shall lift the scarifiers to
protect such egquipment and wires. o

Damage to the existing loops caused by the Contractor's operation will
require replacement @f the loops in their entirety at the Contractor's
expense. .

The amount of material scarified shall be determined in accordance
with the requirements of Arizona Test Method 409.

~ The crew shall be composed of a non~working supervisor at the project

site at all times, an operator for each piece of eguipment, one
screed operator, two rakers and a sufficient number of laborers to
fulliy perform the operation. -

PROTECTION OF EXISTING IMPROVEMENTS

Since high temperatures are required in the heater-scarifying
operation, the Contractor shall exercise care against possible
“injury or damage to existing improvements. The Contractor shall
protect all existing curbs, gutters, trees, shrubbery and other
improvements from damage. Smaller,parkway trees shall be protected
by shields and overhanging trees may be sprayed with water to inhibit
damage. ©No machine with an open flame exhaust will be permitted.
Adjacent improvements shall be protected from overspraying of the
recycling agent. Existing improvements damaged by the Contractor
shall be repaired or replaced to the satisfaction of the Engineer
at the Contractor's expense. :
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SPECIAL PROVISIONS FOR CASH CONTRACT MNO.

HEATER-SCARIFYING AC PAVEMENT (Cont.)

PUOBLIC CONVENIENCE AND SAFETY

In addition to the requirements of Subsection 7-10 of the Standard
Specifications, the Contractor shall post C6 signs, "Loose Gravel",

at the beginning of the project and at 1/2 mile intervals throughout

the length of the project. This requirement applies for both directions
of traffic. _

©r. . 3SION CONTROL

Tie Contractor shall minimize the escaping of solids into the air
caused by either the machine or the burning of pavement during the
heating operation.

In the event that a smoke problem develops and becomes excessive,

it may be necessary to add additional blower systems or other devices

or to remove the contaminant by cold milling. No additional compensa-—
tion will be allowed for any extra steps required to reduce emissions.

MEASUREMENT AND PAYMENT

Heater-scarifying of the pavement will be paid for at the contract
unit price per square yard. Such price shall constitute full compen-
sation for the item complete as harein described and specified.

Recycling agent will be paid for at the contract unit price by
certified weight. The certified weight shall be determined per °
Subsection 9-1.3 of the Standard Specifications. The unit price
shall include full compengation for furnishing and applying the
recycling agent.

Appdendix ¢ ' _ 5



Question and Answers
Recycling Seminar
Saecramento, California
September 16, 1981

Q ~ Wally Ames: Caltrans

What are the implications where cold and hot recycling
inculdes fabric?

A - Doug Bernard:

We have been trying to get some of our research funds for
this. One fabric company in particular did some research on
that. Although it is preliminary, conclusions were that it could
be done. The milling machines would have to be slowed to 10' per
minute or slower and all the teeth would have to be used. Strips
as long as 18" and 1/4" wide would result. I was taltking to a con-
tractor just the other day and he had problems milling it so I think
we have a potential probiem there and I wish to get moving faster
in trying to solve it. We are looking into research on it now.

‘A - -dim Sc¢herocman:

One of the cities in the east purposely laid a pavement

-with fabric in it and then 3 or 4 months later milled it up

just to see if they could or not. A report will be presented

in February 1982 at the AAPT meeting in Kansas City by the fabric
people, on this research project. Secondly when you get into
planing or milling fabric, it wraps around the drum and you can

get some problems with it. We have, depending on how long the
material has been down, bogged down with it and other times we have
cut through it so simple you would hardly know it was there.

A - Tom Scrimsher:

Caltrans hasn't done an awful 1ot of work on this primarily
because the fabric hasn't been down a great length of time -
maybe 7 or 8 years. We did take one fabric project in So. Calif. and
mitted it. This particular fabric was Petromat. It came up fine
in strips 2 or 3 inches long by about 1/2" wide. We used this
materidl in both hot and cold recycling under laboratory conditions
and we had no problem whatsoever. After contacting people in other
states, we learned that some types of fabric will not recycle
'well, however. '
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I th1nk any studies of milling or recycling fabric 3 ‘or 4 months -
after placing may be a 1ittle unfair to the fabric industry
because we are not going to recycle our pavements when they're
that new. I would think 10 or 15 years would be a better time
span. I would suspect the fabric would then be in a different
physical condition than when it was new. However, we admit we
don't have all the answers on fabric as yet.

A - Ray Forsyth:

I would take a more optimistic view than Doug. The vendor
that has done some work on this (Petromat) had data that was
encouraging, both in the field and in the lab, so I don't think
it's an insurmountable probliem. .

Q -~ Steve Winkler: Stanislous, CO.

‘If the Petromat were Teft in place under 2" or 3" of AC,
would heater scarifier recyciing damage the fabric?

A - Joe VYicelja:

If you are maintaining your temperature control and allowing
about 3/4" depth of heating, you probably won't have any problem,
Heat does not penetrate through the asphalt concrete as quickly
as you think. The important thing about heater scarifier work
is the dwell time. A 30 foot heater will put more heat into the
pavement than a 10' heater so you have to be careful.

Q - John Brown: Caltrans

Is Caltrans working on a permissive spec for recycling?
A - Ray Forsyth:

It certainly has been seriously considered. We have a
directive requiring recycling be considered for each project., 1If
recycling is not considered, there has to be a valid reason. I
would say, John, that it is under consideration.

A - Tom Scr1msher°

When you say permissive spec, can you expiain a T1tt1e bit
more to me just what you have in mind?

John Brown:

Essentially, the end result spec 1ike some of the other
states are using.
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A - Tom Scrimsher:

I beleive end result specs are being considered in many areas,
one of which is recycling and, as Ray said, we are pushing recycling
without question. Thus we really don't need a permissive spec to
recycle if we are trying to use it whenever we can.

Jim Scherocman:

If Caltrans will sit down with the contractors in this

state and commit themselves to "X" number of tons or "X" number
- of sq. yds. of material to be recycled the next 2 or 3 years, you

will see recycling get going in this state. VYou Will see the
cities and counties recycling while Caltrans is still deciding on how
to write-the spec. No contractor is going to modify his plant
to recycle, unless by a permissive spec he can add salvaged
material when he wants and in the amount he wants., If you allow
recyciing on a project by project basis, we will be here five years
from now holding the same discussion.

Joe Vicelja:

‘While we are talking about the permissive type spec or
end result, I don't think we have enough knowledge today in either
the private or public sector to know where we are going. I believe
we need to do much more testing to determine methods for specs.

Ray Forsyth:

Maybe to defend Caltrans a little, I should say that some of
‘our advertized recycle projects have given the contracter an option -
to recycle or used conventional mix. In no case did the contractor
select the recycling option. That's why we are having this seminar -
to get the contractors familiar with our procedure so they will go

a tittle bit faster. We recognize a permissive spec maybe the next
step, but we have to educate a lot of people including our contractors.

Jdim Scherocman:

You've got to understand economics. A Contractor given the
option to recycle will never recycle. He can't bid his plant
conversion costs and compete against a contractor who doesn't have
that cost. He has got to have "X" number of tons to spread the
conversion cost over - in other words, séveral projects.
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Doug Bernard:

I support Jim's philosophy on that. This month FHWA put out
a directive that said asphalt recycling will be aliowed on all
proaects, so that may have some influence toward providing a
permissive spec.

Ray Forsyth:

The nice thing about being a moderator is that you get the
Tast word. I agree with Jim - no contractor is going to revamp
his operations for one job. But it seems to me with the growing
interest in recycling and the fact that Caltrans is actively
advertizing so many JObS, that the more inventive contractors
would move into it.

Q - Virgil Mustain: E1 Dorado Co. .
Can cold recycling be done through a series of old chip seals?
Jim,Scherpcmaﬁ:

We have watched several times when they have gone into some
old chip seals and cold mixed it. They have broken up the old
pavement, added asphalt emulsion primarily, but sometime cutbacks
were used, and relaid the material and they covered it with a thin
hot mix surface coarse or another chip seal. Some counties in Ohio
have worked for years with cold mixes as John Wood commented. We
use to call it stabilization and now we call it recycling. There
are no problems with it at all. =

Q - Wally Ames: Caltrans

Jim, you made a statement that the contractor should own the
salvaged AC. You also said the contractor will probably have his
own stockpile of salvaged AC known as a GOK (God only knows)
for use in small quantities. This may be alright for local cities
or counties, but how do you suggest we follow your plan and
implement what you are recommending when California is 1000 miles
long and has both urban and rural areas with varying traffic voulumns?

A -~ Jim Scherocman:

In rural areas you have a question on what to do with the
excess material. I think what you need to do first of all is to
separate the planing from the recycling. Then the contractor must be
permitted to own the salvaged AC and stockpile as he sees necessary.
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The contractor must also be allowed to say how much salvaged will be
used in the recycled mix. He will maintain final mix quality from
his stockpile supply which means he will decide according to the
supply how many stockpiles to make and how much of each to use.

Q -‘Davg:Holman: City of Ventura

A ﬁﬁmber of our streets with thin ovériays have asphalt with
asbestos added. What are your comments pertaining to environmental
concerns when recycling these pavements? o

A - Jim Scherocman:

A contractor today recycling pavements with asbestos has to
maintain records for 30 years. You have to maintain the health records
of your people (employees) for 30 years. Any contractor bidding
on ‘recycling an asbestos overiay would be just foolish.

Q = Bob Moore: CaTtrans

‘ - Are the gravel equivalences used in structural design the
same for recycled mixes (hot or cold) as conventional mixes?

A= Tom Sdrimsher:

The recycled mixes today in California have be performing
comparatively well relative to conventional mixes and so for
starters we are presently using the same general factor for
- recycled and conventional mixes.

A - Jdim Scherocman:

: Hot ﬁecycled mix is essentially the same, but I think a

a cold mix is a different animal. I don't think it has the
structural strength because of the variations in the material
in place. 1In no way will a cold recycied mix be equivalent to
@ hot recycled mix, It just can‘t be and never will be.

Q - Les Jorgenson: Fresno Co.

A recent cold recycling project had material less than "
after milling which seemed ideal. However, some projects have
produced large chunks after milling. What is the cause of it and
how can it be corrected? '
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A - Joe Vicelja:

Primarily the milling is caused by a number of teeth cutting
into the pavement. The manufactures of the machine designed it
to give you a uniform product but many contractors remove some
of the teeth or let them wear excessively and, in both cases,
this will effect the fineness of the final grading. Also the
direction of cut will influence the graduation. Upcutting will
cause the material to break off in chunks in a badly cracked
pavement and down cutting will provide finer mixes.

A - Jim Scherocman:

We haven't agreed before so there is no reason to agree now.
The two main factors that effect chunk size are the forward speed
of the milling machine and the condition of the existing pavement.
The faster the speed the larger the chunks and the more alligator
cracks that exist in the old pavement the bigger the chunks. If
I am upcutting and traveling at 50 feet a minute while making a
2" cut in alligator cracked pavement, we will almost always expect
that we will create big chunks or slabs. You do not ever want a
down cut with a planer unless you are cutting or removing the total
AC depth. While it is true a downcut can control chunk size better
due to a shearing action, the machine will walk out of the cut
if all the AC is not removed and if someone is standing in front
of the machine they may actually get run over. We emphasize do not
downcut unless full depth cutting is required. By Tar most milling
machines today are equipped to upcut. S

A - Tom Scrimsher:

What Jim says, of course, about reasons for chunking is true,
but what hasn't been said is how the chunks that are ocassionally
created are reduced in size. Of course, oversize must be scalped
and crushed or pulverized in one way or another. Recently onh a
cold recycle project on Rt. 395, a unigue system was tried. A set
of vibrating screens and a roll crusher were mounted on a flatbed
trailer and the trailer was attached to and behind a Roto Mill. As
the Roto Mill ground pavement, the subsequent millings were Tifted up
by conveyer and deposited onto the screens on the trailer. The
material passing a 1 1/2" screen sifted through and was deposited in
8- windrow on the street below the trailer. The oversize on the screen
trickled to the rear of the screen and into a roll crusher. The
resultant crushed material was also deposited on the windrow. Thus
a continuous milling, scalping and crushing operation was ' _
sucessfully accomplished. The subcontractor for the milling was
the Valentine Construction Co. He deserves a lot of credit for
his engineering.
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Qr-_Rbger'Shith: Caltrans

How are the softening agents accounted for in the design

stage using trial miXes and are there any studies now to
the long-term softening effect? Y consider

A - Joe Vicelja:

We propose to look into that now. The type of plant will
have an effect. A batch plant usually will get softer faster than
a dryer-drum.

A - Jim Scherocman:

If you want to prove softening agents will soften the oild
asphalt, run an Abson recovery. - I absolutely guarantee that all
tests will show ideal softening and you will be perfectly happy
with the results (laughter). Frankly the only way I know to find
out if you have a blend or not was tried in Utah and Iowa using
a system of sca?p1ng the +4 agg. in the m1x, adding a dry sand to
the recycled mix, rem1x1ng and then running an Abson recovery of
each fractlon.

A - Tom Scrimsher:

Roger, as fTar as Caltrans is concerned we are desighing
for the immediate viscosity of a mix and basing recommendations
on visual appearance and stability. We are exploring the use
-of Chevron's Mr test to record long-term softening and, if
successful, will use this data as part of future design criteria.
This is a dynamic non-destructive test that may be applied to
the same test specimens over a long period of time,

Q- Harold Schm1tt FHHA
Are there any prob]ems recyc11ng through a SAMI?
A - Rowan Peters:

We haven't had SAMI's al] that long but we don't expect
problems.

“A -~ Jim Scherocman:

A rubberized aspﬁa]t test section placed about 1969 in Ohio
has an article wr1tten on it for AAPT in 1980 about recycling the
.section.

_A - Doug Bernard'

In Arizona one of the f1rst JObS done w1th a rubber mix
rubber did create a slight increase in stack opacity. The
rubber was added on the cold feed and fed to the dryer and I guess
thats the on]y trial I am fam1]1ar with.,
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A - Dick Ingburg: Minnesota

In 1977 when we milled pavements we encountered rubber crack
sealant. We thought this was a problem sO the way we treated it
was to have a man remove it before it went through the dryer.

If it went through the dryer, jt was removed on the hot screens by
men wearing masks to protect them from the dust. I think we must
rely more on the creativness of contractors to handle the situation.

A - Doug Bernard:

But your talking about cracks and the question was on SAML.
I think this is a considerably different problem.

Q - Lioyd Coyne: Chevron USA

I think it should be noted that the fines in cold mix recycling
are locked up with a coating of asphalt and 1in hot mix recycling

are released as the particles are heated and broken down. Therefore,
different design criteria must be appiied. A question on hot ix
recyc1ing-statements on recycled mixes produced at 200 and 210 have
been made. Is there any comment on how moisture effects those mixes
at this low temperature?

A - Jim Scherocman:

The majority of the mixes are actually 240°F+ and I believe

the moisture content of a recycled mix should be no more than that
permitted with a conventional mix. You can coat in a drum mix plant
by foaming but some material will be uncoated. Generally in a

drum mix plant the mix should be hot and have less than 1.0%
moisture.

A . Tom Scrimsher:

L18yd, jn California wg advocate high mix temperatures such as
260-270°F and we have & 250°F placement temperature. We 1ike hot
mixes and we are not going to yield to any low temperature hot

mixes in California. Therefore moisture oOr density problems related
to mix temperatures should be practially nonexistent.



Questions & Answers
RECYCLING SEVMINAR
Long Beach, California
September 17, 19381

-Q. Witco Chemical Co: to Joe Visalia:

Heater scarification -~ Ig it better to work with two machines
rather than one machine?

A. Joe Visalia: - Basically .its necessary to get pavement
heated at as Tow a temperature as possible. The dwell time
is of prime importance, so two machines can provide heat and
scarification with a minimum dwell time.

Witco Chemical Co.: - May I suggest an additional factor
Joe? One machine takes twice as long and therefore the cost
to the user would be more, :

Joe Visalia: - 1 aqree, bhut é final decision should be
left to the contractor. :

Doug Bernard: - It should be Teft up to the contractor to
make a choice,. It may require one, two, or three machines,
I have seen occasions when one machine was completely appro-
priate. _ :

Q. Roger Kocher: Caltrans

mix bhe used effectively if they do not get adequate compac-
tion? And if $0, how is this pavement q0ing to perform with

A. -John Wood: - On cold recycling the surface will raveil on
all mixes because you don't get 100% coating of the aggre-
gate. So cold mixes must be considered base and must he
covered with conventional mix to protect them. What we are
trying to do is to increase the structural thickness with
cold recyciing, so we myst have something on the surface of
all cold mixes. : '

‘Q. Roger Kocher&c

Can cold recycling ever be useq as a final surface?



A. “John Yood: - No.
Joe Visalia: - You are correct about hot recycling. It
must be up in temperature or have high enough temperature to
obtain proper compaction.

Tom Scrimsher: - Any mix that is poorly compacted will
not perform well. A hot type of mix must have sufficiently
high temperature to assure adequate compaction. Low tempera-
ture with a hot mix will cause crusting in the mix which
resists compaction. However, with cold in-place mixes the
binder is of Tlow viscosity and of sufficient quantity that it
acts 1ike a lubricant and assists compaction. Don't sell
cold recycling short. We get some raveling, of course. How-
ever, we are improving as we continue with our construction.
A most recent project, near Crawly Lake in the eastern part
of California was an excellent example of how well we have
improved. The cold recycle mix placed on Rte. 395 was used
during staqge construction as surfacing and produced minimum
raveling. We do aaree, however, that protective surfacing
will be regquired and will continue to he required when cold
recycling is pronosed with moderate to heavy traffic., . It is
possible that 2 hot recycled mix used as surfacing over a
level coarse of cold recycled mix would be a very cost
attractive structural section.

Q. Bi11 Bert: Caltrans
We have a Caltrans requirement-1imitinq the moisture content
to 3% for hot recycled mixes. What are the other states
doing?

A. Doug Bernard: ~ 3.0% seems to be somewhat high compared
To other states, but I can't say exactly what is common in
the other states. 1.do know that some states are allowing
~as low as 1.0% for maximum moisture in recycled mixes.

Tom Scrimsher: - Bill, this '3.0% got started originally
with the drier drum work when it was felt some moisture was
necessary for compaction. Most of our projects have averaqed
about 1.0% in reality and none have actually been as high as

3.0%. This spec could probably be changed, but at the moments.

we don't seem to have nad any trouble with it as it now stand

1f you have reference to the moisture content of salvaged AC,
however, then I would say that probably the 3.0% max. mois-
ture content is probably appropriate and should be retained.
Although most salvaged AC will probably have less then 3.0%,



'occasioﬁal]y due to rain Just hefore removal or right after
stockpi]ing, it may exceed 3.0%. High moisture cantent or
high fluxuation of moisture during mixing may result in poor
aggregate coating. Such a condition may he costly to the

contractor because the applied heat may have to be increased,

Q. Should smait cities require recycling? And if .so, what
source is availahle for the design of the recylced mixes?

Doug Bernard: - ye don't want to specifically specify any
Job to be recycled. We want to permit a contractor to use
salvage material in any mix. Thus, the real auestion should
be - Can salvage material he used in any asphaltic mixture?

Joe Visa?ia: - Caltrans can help in your design. They
are as well experienced in this field as any one in the
state,

Q. Rick Né]sqn: Santa Monica

Present specs for the paving machine for placement of a new
hot mix require it to be 200 or 300 feet behind the heater
planer, Yet, some people say that the paving machine should
not be used less than two or three days later, What is your
comment ? '

A. Joe Visalia: - If the contractor had the option, he would
probably want to yse a two-step, that's two separate step-
operation. Due to the problem of maintaining two crews and
working in proximity, any breakdown would require a delay of
both crews. Therefore, 1 would expect a two-step operation
would be preferable,

Doug Bernard: - gne thing that appears missing in this
seminar, is that it may he possible in the future to heat,
scarify , and mix with one machine in one operation, No
speaker has addressed this subject at this seminar, and I
feel it is my duty to bring this to your attention now.

Tom Scrimsher: - Doug, this rang a bell with me. I am
surprised that Jim Scherocman didn't elaborate on this sub-
Ject. As a representative of Barber Greene, T am sure that
he is aware that his company has a cold milling mixing
machine that they consider 3 prototype, However, it was used
in Florida this year. This machine wil} grind and mix in one
complete operation. Except for screeding it will also place
4 material behind the machine similar to that of a conven-
tional ‘paver. It may possihbly be used on a experimental
basis on cold recycling jobs in the Rishop area if the con-
tractor who qets those jobs uses Barber Greene equipment.



0. Jim Epperhart: Escondido
Do heater scarifier machines damage man hole covers?

A. Joe Visalia: - We haven't experienced any problems. We
have use various machines and have had no prohlem with man
hole covers. [If new machines are developed that force the
tynes into the pavement under great pressure, it may be
necessary in the future to remove man hole covers or man hole
sections to prevent damage, However, presently, we have not
experienced that problem. ' It may be necessary, however, to
remove magnetometer loons at intersections or skip the inter-
section to protect the Toops from damage.

Q. Gary Ham: River Construction
When will hot and cold recycling take off?

A. Doug Bernard: - That is difficult to say, except that
some 30 states now are recycling. [ feel in 1985, hot’
recycling will be 25% of all hot mix. Cold recycling has
been carried on for a long period of time and we are
continuing. It will probably increase and there will
probably be more cold recycling than hot in the future.

Ray Forsyth: - One of the reasons for this conference was to
acquaint and show contractors that recycling can be done with
a minimum of effort and cost. Caltrans has frequently pre-
sented contracts with an optional bid for hot recycling or
conventional mix. Much too frequently the hot recycling
option has been rejected, hasically because of a lack of
understanding by the contractors on how much equipment modi-
fication would be required and how much effort would he re-
quired for recycling. We hope, therefore, that this seminar
will contribute toward educatina contractors on what other
states are doing with their equipment and the ultimate costs
dinvolved with recvecling.

0. Representative from €ity of Santa Monica:

In 1971, heater scarifiers caused a lot of air pollution and
burned shrubs and trees that overhuna the pavement.

A. Joe Visalia: - Heaters have been greatly improved since
T971. And although there is still great heat coming from the
burners, much of the heat goes up the stack. Yery little is
now going horizonal which had a tendency, in early times, to
burn shrubbery. DNue to a better stack arrangement, the air
-pollution is also minimal.



'Q. Representative from City of Santa Monica:

‘Are yoﬁ saying then that the trees should be trimmed to 15
feet heights to prevent burning?

A. Joe Visalia: - You're going to put me on the spot. I
wish Gordon Whitney was here, 1'd let him commit himself.
‘However, I think it could he dane safely without trimming the
trees. 'I am sorry I can‘t give you a more definitive answer
at the moment. - '

0. Person unidentified:

Is it economical for industry today to modify their plants
for recycling?

A. Bill McCullough:

Our ‘company has modified two plants. 1In 1973 the cost of
aspnalt was $21/ton - today it's $165/ton. And we still
believe that in another few years it will be $200/ton, per-
hap, even next year. If recycling is proven successful in
this area it will increase the activity and there is no
question that it can be profitable. Thus, in our opinion,
it would benefit the contractor to modify his equipment and
be prepared for recycling.

Q. Same unidentified person:

Will:the Federal Governméent subsidize a contractor for plant
modifications?

A. Douq Bernard: - Earlier we did subsidize projects. How-
ever, now that we have the ball rolling, we don't foresee
future subsidizing or money for modifications.

Q. Bill : Santa Barbara County

What is the savings for cold recycling over a conventional
mix?  And how is the .cost of recycling in urban areas com-
pared to a conventional mix? What is the savings in general?

A. Ray Forsyth: - We estimate with the work tﬁat we have
done in qeneral that it will be about a 33% savinagas.

Doug Barnard: - We should look at the whole life cycle of
the recycle mix in order to get a true picture of the entire
savings.



Tom Scrimsher: - Bill Bert, what is your opinion? How
about the work that you recently completed in the Bishop
area?

Bill Bert: - We estimate that we made about a 50% savings
on our cold recycling compared to a similar thickness with
canventional mix.

0. Will the fabric used for reducing reflection cracking be
a problem in recycling?

A. Ray Forsyth: - Our studies indicate that with on fabric,
there will be no problem, However, with some brands there
may be a problem. We believe the benefits we're getting from
retarding reflection cracking justifies the use of fabrics.

Doug Bernard: - I disagree. I would be damn concerned about
fabric in an AC mix if I were to be required to recycle.
Contractors have reported problems with fabric when they try
to recycle. A conclusion is that the best effort to reduce
reflection cracking is surface recycling so fabric isn't
really needed. :

Tom Scrimsher: - I am, of course, for recycling, but I
have'a soft spot in my heart for fabric. e have seen it
used successfully many times. It appears to me when a pave-
ment has reached the condition where recycling will be neces-
sary that the fabric will have deterivcated to the point where
it would probably be of very little consequence. If we're
going to recycie a mix that is only two or three years old,
it may cause us prohlems if there's fabric involved. But why
would we recycle a pavement that is only two or three years
01d? We have said many times during this seminar that we do
not promote recycling just te be recycling. Again, the
fabric probably will have deteriorated after fifteen years or
so to the point where it will be of very little concern in
recycling, Our one project in California in which we suc-
cessfully removed the fabric by surface grinding for rvrecycl-
ing was a project that was only seven years old., So the use
of fabric is relatively new today as a construction product.
Therefore, it is difficult for me to understand how fabric
can be considered a problem at this point, when obviously
pavements that have been placed with fabric are relatively
new and in no position to be recycled. .



~John Wood: - I feel there is additional research needed
with fabrics. ‘I have encountered fabrics recently that have
wrapped right around my mandrel. However, [ do confess the
Jobs were only three years old., I feel that fabric may come
back in later years to haunt us if we permit its use.

g. Person unidentified:

Hhat is the gravel factor assigned for an old pavement to be
recycled? )

A. Joe Visalia: - We consider a cracked AC as having a
gravel equivalent, equivalent to the base, and apply the same
factor

Q. From McCullough on the Panel to the audience:

Does the contractor have a responsibility to tell the con-
sumer ‘he is producing a recycle mix or selling a recycle mix?
How many feel he has that responsibility? Show me your hands
please. How many feel he has no respansibility? Show me
your hands please.

(The Yes answer won.' Apparently, the aud1ence felt he does
have a respon51b111ty to inform the consumer he is using a
recycle mix.

g, Ted‘Bishoc: Nevada

'what is the best way to maintain the quality of a recycled
m1x 1f the salvage materTa] is of a very poor gquality?

A.' McCu11ough~ - The best way is to use a small amount of
salvaqed AC in the final recycled mix.

g. Ted B1shop:
What is a genera] monetary benefit of recycling?

A. Doug Bernard: - Well, if only one contractor is involved,
Tt will cost a cons1derab1e amount of money. But with sever-
al contractors involved in recycling, it take whatever the
market will bear. That's the best way I can put it. It will
cost whatever the market will bear,

Tom Scrimsher: ~ Let us not forget that there is not only
an immediate monetary savings in recycliing to be realized,
but materials definitely will he conserved. Therefore, you
are saving aggregate and asphalt when you get into the recy-
cling field. As competition builds. up, as Doug just mention-
ed, the savings to the consumer will increase and the profit
to the contractor will increase as he develops equipment and
technique.









